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FOREUiDRD 

The standards and code of practices for various 
materials and equipment used in the rural drinking water 
supply are brought out by the Bureau of Indian Standards 
regularly. The use and application of the same in the 
implementation of the programme is important to ensure the 
safe supply of uiater to the rural population. 

Pipes and fittings represent a major investment in 
the ujater supply project. The judicious selection of the 
same keeping in view the different aspects like durability, 
life, 'cost, installation and ease of maintenance would be 
an important decision making in the successful implementation 
and running of the system during its designed life period. 

At the request of the Rajiv Gandhi National Drinking 
Water |Y|ission, Bureau of Indian Standards has brought out 
a handbook by carefully pooling together all the relevant 
standards and specifications already published by them, making 
the job of professionals easy to guide in selecting the 
right type of pipe material to suit the field conditons and 
also for proper handling, laying, jointing and testing of 
the completed pipelines. This handbook should, therefore, 
be an effective tool in the hands of the field engineers 
to arrive at decision ujhile designing ueter supply projects. 
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Lt Gen A. S. Bhullar, pvsm, avsm (Retd) ^__-_r— 

DIRECTOR GENERAL >^2SLSSS^^ 
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PREFACE .BUREAU OF INDIAN STANDARDS 

Manak Bhavan. 9 Bahadur Shah Zafar Marg, New Delhi 11 0002 

The Bureau has been associated with the Rajiv Gandhi 
National Drinking Water Mission and has lent its full support 
in thi s proj ect . 

The Bureau's contribution fo cusses on quality in the 
material/products used, construction/installation, operation 
and maintenance of the works. To meet the above objectives 
BIS prepares National Standards by pooling the experience of 
relevant experts in order to ensure uniformity, save time 
and resources at least in repetitive items. It also conducts 
training programmes on : 

i) Statistical Quality Control to the BIS licensed 
manu facturers, and 

ii) Sampling and testing of products/materials to 
organized purchasers. 

It conducts periodically awareness programmes for watdr 
supply engineers throughout the country for effective 
interaction to get feed back. 

Further BIS provides third party certification for 

products, which helps the users in choosing products 

conforming to standards thereby avoiding further inspection 
and testing. 

A strong need has been felt during the interactions 
for concise handbooks on some subjects on the basis of Indian 
Standards and providing additional material to cover the 
sub ject fully. 

This handbook on Pipes and Fittings for Drinking Water 
Supply is based on material collected and collated from more 
than 200 Indian Standards; a list of the relevant main 
standards is given in the Annex to the Handbook. 

Other handbooks in the series, which will be issued 
shortly, cover tubewells/bore wells and pumps used in water 
supply. 

Use of this handbook and the referred standards besides 
the relevant [jg*] marked products, would go a Ivong way in 
enhancing the quality of pipe installations for water supply. 
The resulting feed back to BIS would ensure improvement of 
the related standards and the Handbook. 
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Lt Gen A.S. Bhullar 
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INTRODUCTION 

Pipes have been used for many centuries for 
transporting fluids especially drinking water. The 
Chinese first used bamboo pipes thousands of years 
ago and lead pipes were unearthed at Pompeii. In later 
centuries wood stave pipes were used in England. It 
was only with the advent of cast iron that pressure 
pipes were niianufactured. Cast iron was extensively 
used in 19th Century and is still used. Steel pipes were 
first introduced towards the end of the last century, 
facilitating small and large bore pipe-lines. The 
increasing use of high grade steels and large rolling 
mills has enabled production of pipe-lines with larger 
diameters and higher working pressures. Pipe-lines 
are also made in reinforced cement concrete, 
prestressed concrete, asbestos cement, plastics and 
clayware, to suit varying conditions. Reliable flow 
formulae became available for the design of pipe- 
lines during this century, thereby promoting 
economical use of pipes. 

Protected water supply in rural areas is essential in 
improving the environment and health of the commu- 
nity, and piped water supply is one of the methods 
adopted for protected water supply, when the source 
of water is located at a distance from the area of con- 
sumption. 

The selection of appropriate type of pipe material 
for vastly varied rural community set up in India 
will involve many factors and no single solution can 
be found. The varied factors include different pat- 
terns of settlement and areas of ruiai community, 
economic level, availability of finance, quantum of 
potable water, skill and experience of local people in 
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installation, operation and maintenance of the system, 
etc. The optimum and practical solution should take 
the above factors into account and wherever possible 
the standardized design for similar set up should be 
used. Tlie areas with special features shall be sUidied 
in detail and the relevant features considered for 
selection of the right type of pipe material. 

Pipe-lines are major investments in water supply 
projects and as such constitute a major part of the 
assets of water authorities. Therefore, pipe material 
shall be judiciously selected from the point of view 
of durability, life and overall cost which includes be- 
sides the pipe cost, the installation and maintenance 
cost necessary to ensure the required function and 
performance of the pipe-line throughout the de- 
signed life time. 

Bureau of Indian Standards has published a number 
of Indian Standards for various types of pipes and 
fittings and codes of practice for laying and jointing 
of pipes. This hand book has been prepared mostly 
based on them with an intention to guide the field 
engineer in selecting the right type of pipe material 
to suit the field conditions and requirements of the 
project and to give a guidance in proper handling, 
laying and jointing and testing of completed pipe- 
line. 

Although an attempt has been made to summarize the 
requirements given in the relevant Indian Standards 
in this * hand Book i, a reference may invariably be 
made to those Indian standards, a list of which is 
given in Annex A for exhaustive study. Further, the 
terminology used in this-^ hand book is as given in 
IS 2065 : 1983 and IS 10446 : 1983. 
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CHAPTER 1 GENERAL CRITERIA FOR 
SELECTION OF PIPES 



1 FACTORS TO BE CONSIDERED IN 
SELECTION 

The following factots shall be taken into account in 
the selection of pipes. 

1.1 The Strength of the Pipe 

This is the ability of the pipe to withstand internal 
pressute and external loads. 

Pipe-lines are expected to resist a number of forces 
individually or in combination as mentioned below : 

a) Internal water pressure equal to full head of 
water; 

b) Surge pressure or water hammer due to 
sudden opening and closing of valves, and in 
pipes connected to pumps; 

c) External loads in the form of back-fill and 
traffic; and 

d) Expansion and contraction of pipes with 
change in temperature. 

Reinforced cement concrete pipes cater to the inter- 
nal working pressure up to 0.3 MPa (3.0 kgC^cm^) 
whereas cast iron and steel pipes cater to internal 
working pressure up to 2.4 MPa (24 kgf/cm^). 
Prestressed concrete pipes and asbestos cement 
pressure pipe cater to intermediate pressure range for 
which the metallic pipes are expensive and RCC 
pipes would not be suitable. Similarly plastic pipes 
cater to internal working pressures up to 1.0 MPa 
(10 kgC'cm^). 

Though steel pipes are capable of resisting high 
internal pressures, the ability of large steel pipes to 



withstand external loads while empty or in partial 
vacuum is very poor due to their low thickness. In 
such cases, pipes must be guarded by limiting the 
superimposed loads or by surrounding (embedding) 
pipes in concrete. The cast iron and asbestos cement 
pressure pipes are good for moderate external loads. 
RCC pipes can withstand high external loads. 

1.2 Water Carrying Capacity 

The water carrying capacity of a pipe-line mainly 
depends on relative roughness of pipe, friction 
factor, and Reynolds Number of the flow. Rational 
formulae should preferably be used [see IS 2951 
(Part 1) : 1965 for details]. However still in practice, 
empirical formulae are widely used; of these Hazen- 
Williams formula is most popular. For example in 
Hazen-William's formula coefficient *C' varries for 
different conduit materials and their relative 
deterioration in service. It also varies with size and 
shape and laying of pipes. The loss of capacity during 
service depends on the quality of water carried and 
characteristics of the pipe material. The loss of water 
carrying capacity is relatively more rapid for smaller 
diameter pipes than the larger diameter pipes. In cast 
iron and steel pipes, it is due to the interference of 
mst and deposits due to incrustation of pipes that 
restrict the water way and increase the roughness of 
pipe walls. In cement lined pipes and asbestos cement 
pipes the smooth surface of the walls is destroyed by 
erosion. The losses in water carrying capacity is more 
in distribution lines than that in supply lines. It is due 
to losses in valves, fittings and other appurtenances 
that are far greater in number in distribution lines. 
These losses can be reduced to some extent by well 
designed bends and tees, etc. The values of Hazen- 
Willams coefficient *C' for new conduits and 
recommended values to be adopted for design purpose, 
for various pipe materials is given in Table 1. 



Table 1 Hazen- Williams Coefficient 

(Clause 1.2) 



SL 


PipeMiiterial 


Recommended 'C* 


Values for 




No. 




New Pipes 


Design 


1 Purpose 




(1) 


(2) 




(3) 





Cast iron 


130 


100 


«) 


Galvanized iron greater than 50 mm dia 


120 




100 


iii) 


Galvanized iron 50 mm dta and 
below for service connection 


120 




55 


iv) 


Steel pipes welded-lined with cement or 
bitumeoous ouunel 


140 




110 


V) 


CoDCiete 


140 




110 


vi) 


Asbestos cement 


150 




120 


vU) 

■H '■ — 


Plastic pipes 


150 




120 
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1.3 The Ufe and Durability of Pipe 

It is detemiined by the resistance of cast iron and steel 
pipes to corrosion; concrete and asbestos cement pipes 
to erosion and disintegration, and plastic pipes to 
cracking, etc. 

1.4 Transportation 

Most often the pipe-lines arc to be constructed in 
nigged and normally inaccessible locations. In such 
cases mass of the pipes becomes an important crite- 
rion. Cast iron pipes are heavy in bigger sizes. Steel 
pipes are relatively lighter though bulky because of 
longer section ordinarily employed. Plastic pipes are 
much lighter when compared to cast iron or asbestos 
cement pipes. RCC and asbestos cement pipes are not 
only heavy but also call for careful handling. 

1.5 Safety 

Because of suddenness and extensiveness of failure, 
breaks in cast iron pipes are often quite destructive. 
Steel pipes fail slowly, mainly due to corrosion, which 
results in small leaks at scattered points and repairs 
are simpler. Collapse of steel pipes under vacuum 
while the line is being drained is possible but is a rare 
occurence. Asbestos cement pipes fail much like cast- 
iron pipes. RCC and asbestos cement pipes should not 
be laid over/in soil containing sulphates. 

1.6 Availability of Skilled Labour 

Skill is particularly required for making joints in the 
pipe-line. Welded and poured joints require more 
skilled labour than mechanical joints. 

1.7 Maintenance and Repairs 

The requirements of maintenance and repairs, losses 
of water due to leakage and other characters of pipe 
behaviour and ability shall be considered in selection 
of material. 

1.8 Cost Effectiveness of Various Pipe Materials 

1.8.1 Factors to be Considered for Cost 
Effectiveness 

Cost effectiveness of various pipe materials is de- 
pendent on many factors and some of them are 
summarised below for guidance. 

a) Initial cost — The initial cost of the pipe-line 
includes the cost of pipe, fittings, and laying 
material. This will also include increase in 
the cost due to breaking of pipes at any stage 
in laying of pipe-line. 



b) Storage, handling and transportation cost — 
This includes the cost of Storage, handling 
and transportation of pipe-line from the point 
of purchase to the place where it is to be laid. 

c) Laying cost — The labour cost to be incurrcd 
in digging of trenches, laying of pipe-line 
jointing and closing of trenches. 

d) Life of project — The life of pipe-line of 
various materials will vary and no realistic 
estimate can be made for the same. This will 
have to be assesed by the project incharge 
depending upon the conditions prevailing in 
the area to be covered by the pipe-line. 

e) Community/individual supply connections — 
The cost of pipe-line and choice of pipe 
material will also depend on whether com- 
munity water connections or individual water 
connections are being provided in a particu- 
lar area. 

f) Recurring/maintenance cost — The cost ef- 
fectiveness as a long term measure should 
also take care of recurring/maintenance cost 
likely in the form of replacing defective pipe 
and labour cost in the same. 

g) Chances of leakage — The chances of leak- 
age should be kept in mind while choosing 
a particular material depending upon 
availability of water. 

h) Pilferage factor — The chances of pilferage 
of pipe material, must also be kept in mind 
while deciding about the particular material 
tor the pipes. 

j) Service conditions — The weather and sur- 
rounding environment which the pipe-line is 
likely to encounter during its life time should 
be assessed before finalizing the pipe mate- 
rials. 

k) Contamination of water — The contamina- 
tion of water due to any reason should be 
assessed and the more suitable pipe material 
should be chosen to ensure potable water 
supply to the consumers. 

m) Type of soil — The soil type will have lot of 
bearing on the pipe material suitable for a 
particular location. The chances of corrosion 
of metallic pipes should be assesed in the 
particular soil before using it. 
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n) Loss of head — The energy loss is experi- location, 
enced in all pipes but it is higher in 

rougher materials and will also be dependent p) Crossings— The crossings like railway, canal, 

on the fittings in the layout of a pipe-line. load, etc, should be studied before finalizing 

Therefore, suitable pipe material should be the choice of a pipe material in a particular 

chosen for the head available in a particular project. 
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CHAPTER 2 PROPERTIES OF PIPES 



1 Material selection is probably one of the metbods 
that could solve most corrosion and erosion problems, 
but due to economic considerations it is not always 
used. 

Considerable literature is available about the corro- 
sion and erosion aspects of materials. But while 
selecting pipe material other factors like economics, 
use of less expensive material, influence of factors 
like availability of skilled personnel and proper pipe 
handling techniques also must be considered. 

In this chapter, advantages and disadvantages of vari- 
ous pipe materials are discussed, in brief, to guide the 
user to select the proper material. For the sake of 
convenience the pipes are classified into 3 groups as 
given below, keeping in view the material used for 
manufacture: 

a) Metallic pipes, 

b) Cement pipes, and 

c) Plastic pipes. 

2 METALLIC PIPES 

Cast iron pipes (both sand cast and spun cast), ductile 
iron pipes, welded steel pipes and spiral welded steel 
pijpes come in the categery of metallic pipes. Because 
of ease in production and jointing cast iron (CI) pipes 
are very extensively used for water supply purpose. 
In our country CI pipes are in use for more than a 
century. The development of steel pipes imparted a 
great significance in pipe laying, because of its light 
weight when compared to CI pipes. Ductile iron pipes 
are recent development in metallic pipes, which are 
basically spun cast iron pipes with improved metal- 
lurgical properties. The great advantage of metallic 
pipes is their high strength and mechanical properties 
which permits them to carry high internal pressures 
as well as external loads. Damages to metallic pipes 
in transport and handling are minimal when compared 
to other varieties especially cement pipes. Corrosion 
is the greatest disadvantage in metallic pipes as it not 
only reduces wall thickness and strength of the pipes 
but also reduces the flow capacity. All cast iron pipes 
behave well in distilled or fresh waters. The rate of 
corrosion attack increases with the presence of salts 
in the water, aeration and temperature. When CI pipes 
are used in soft acid water the iron conodes leaving 
behind a residue of graphite and iron oxide which is 
soft, porous and of low mechanical strength. Corro- 
sion in steel pipes is more dangerous because of 
thinner wall sections used in steel pipes, when 
compared to CI pipes. Thus a suitable protective 



coating is a must for steel pipes. If proper protective 
coating is given corrosion resistance of pipes will not 
become a criterion for selection of pipe material 
among CI and steel pipes. For detailed discussion on 
corrosion and its prevention see Chapter 8. 

Comparison of various metallic pipes is given in 
TaWe 1. 

2.1 Cast Iron Pipes 

There are three varieties in CI pipes based on their 
manufacturing process. Vertically Cast Pipes, Hori- 
zontally Cast Pipes & Centrifiigally Cast Pipes. 

Vertical casting in sand moulds is an age old process. 
But pipes manufactured by this process are not of 
very good quality (properties), as internal surface of 
pipes is not very smooth and there is a possibility for 
non unifom thickness and defects which invariably 
result in certain percentage of rejection which is 
inherent in the process. The requirements for verti- 
cally cast iron pipes are covered in IS 1537 : 1976. 
In our country CI pipes are manufactured by horizon- 
tal casting also. This is similar to vertical casting 
except that the castittg is done horizontally. The 
properties of these two are more or less similar. Only 
flanged type of pipes are manufactured in this proc- 
ess. The requirements for the horizontally cast pipes 
are covered in IS 7181 : 1986. 

Now a days centrifugal casting (spun casting) is more 
popular. In this process pipes are cast with the spin- 
ning action of sand moulds or metallic moulds. The 
pipes produced by this process will have uniform 
thickness and texture, and more compacted grains 
compared to vertical casting. The spun process results 
in faster production, longer pipes with vastly im- 
proved metal quality, a smoother inner surface and 
reduced thickness and consequent light weight. The 
requirements for centrifugally cast iron pipes are cov- 
ered in IS 1536 : 1989. The requirements for centri- 
fiigally cast low pressure pipes are covered in 
IS 6163 : 1978. 

Because of its ease in manufacture, laying and joint- 
ing, the CI pipes are vastly used for water supply. 
They are well suited for pressure mains and laterals 
where tappings are made for house connections. 
Because of its thickness it can withstand external 
loads better than steel pipes. 

CI pipes are heavy and thus the transportation costs 
are more and not suitable for layiiig in inaccessible 
places. Because of heavy weight these pipes are 



generally manufactured in shorter lengths than steel 
pipes, for easy handling and transportation. This in- 
creases laying and jointing costs. These pipes have 
low tensile strength and are liable to have defects of 
inner surface by virtue of their manufacturing 
process. Because of its brittleness and casting defects, 
CI pipes fail suddenly and damage caused is 
destructive. 

These pipes are susceptible to corrosion effect. 
Hence it is preferable to give a protective coating. 
With protective coating these pipes are suitable for 
laying in slightly aggresive soils also. Coating shall 
not be applied to any pipe unless its surfaces are 
clean, dry and free from rust. Unless otherwise agreed 
between the purchaser and the manufacturer all 
pipes shall be coated externally and internally with 
the same material by dipping in a tar or suitable base 
bath. The pipes may be either preheated before 
dipping or the bath may be unifornily heated. Alter- 
natively, if mutually agreed between the purchaser 
and the manufacturer, the pipes may be coated by 
spraying or brush painting. The coating material shall 
set rapidly with ^>od adherence and shall not scale 
off. Where the coating material has a tar or similar 
base, it shall be smooth and tenacious and hard 
enough not to flow when exposed to a temperature 
of 65^C but not so brittle at a temperature of O^C as 
to chip off when scratched lightly with a penknife. 
The inside coating shall not contain any constituent 
soluble in potable water or any ingredient which could 
impart any taste or whatsoever to the potable water 
after sterilization and suitable washing of the mains. 
Pipes with or without sockets and flanges which are 
imperfectly coated or where the coating does not set 
or conform to the required quality, specified above 
the coating shall be removed and the pipes/flanges 
recoated. 

Among CI pipes, centrifugally cast pipes arc pre- 
ferred due to the following reasons: 

a) Spun pipes are about three fourth of the mass 
of vertically cast pipes of same class. 

b) It has got greater tensile strength than other 
types of CI pipes because of its close grain 
structure which allows thin wall section. 

c) Spun pipes have smoother inner surface. 

2^ Ductile Iron Pipes 

Centrifugally cast ductile iron pipes arc latest devel- 
opment in cast iron pipes. Molten metal treated with 
magnesium is used for producing these pipes. Adding 
magnesium based alloy to the molten metal gives a 
uniform distribution of nodular carbon graphites in 
casting, which improves the properties of the pipe to 
a great extent. Ductile iron pipes have got high me- 
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chanical strength and good impact resistance when 
compared to cast iron pipes. These pipes have high 
wear and tear resistance and smooth internal surface. 
These pipes are approximately 30 percent lighter 
than conventional CI pipes because of their reduced 
thickness due to high mechanical properties. The 
requirements for ductile iron pipes are covered in 
IS 8329 :1990. The requirements for ductile iron fit- 
tings for pressure pipes for water gas and sewage 
are covered in IS 9523 : 1980. These pipes are 
suitable for hydraulic working pressures up to 
4 MPa (40 kgf/cm^) depending on diameter. These 
pipes can be used where high stress concentrations 
are anticipated. 

For the purpose of surface protection, these pipes are 
required to be coated during manufacturing stage. 
Except when otherwise agreed to between the pur- 
chaser and the manufacturer, all pipes shall be coated 
externally and internally with the same material, the . 
pipes being preheated prior to total immersion in a 
bath containing a uniformly heated composition hav- 
ing a tar or other suitable base. The coating material 
shall set rapidly with good adherence and shall not 
scale off when the pipes are to be used for conveying 
potable water, the inside coating shall not contain any 
constituent soluble in such water or any ingredient 
which could impart any taste or odour whatsoever to 
the potable water after sterilization and suitable 
washing of the mains. 

2.3 Steel Pipes 

Steel tubes are seamless or welded, made by one of 
the approved processes. The thickness of the steel 
pipe is controlled due to the need to make the pipe 
stiff enough to keep its circular shape during storage, 
transport, laying and also to take the load of trench 
back filling and vehicles. 

The thickness of steel pipe is considerably less than 
the corresponding cast iron pipe owing to higher 
tensile strength of steel. Due to this property steel 
pipes can be manufactured in more than twice the 
length of CI pipes of same class, with consequent 
savings in transport, pipe laying and jointing costs. 
Due to their higher elasticity, steel pipes adapt 
themselves to changes in relative ground levels without 
failure. Hence they are suitable for laying on grounds 
liable to subsidence. Steel pipes, being flexible, are 
best suited for dynamic loads. 5teel pipes maintain 
their mechanical properties over a wide variation of 
temperatures. Damage in transportation is minimal 
for steel pipes. Steel pipes are vastly used for water 
supply due to long established experience available 
which has developed confidence in the usage of these 
pipes. 
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llie requirements for mild steel pipes up to 
150 mm nominal diameter are covered in IS 1239 
(Part 1) : 1990 and the requirements for mild steel 
and wrought steel fittings are covered in IS 1239 
(Part 2) : 1991. These pipes can be jointed by means 
of socket and screw or by welding. The requirements 
for steel pipes with diameters greater than 150 mm 
arc covered in IS 3589 : 1991. The requirements for 
spiral welded pipes are given in IS 5504 : 1969. 
Higher diameter steel pipes and spiral welded pipes 
are joined by welding only. 

Corrosion badly affects the performance of steel 
pipes. Hence suitable protective coating is essential 
both internally and externally. Steel pipes are given 
cement mortar lining or epoxy coating or hot applied 
coal tar/asphalt lining in the factory or at site against 
internal corrosion. Reconmiendations for cement 
mortar lining for steel pipes are covered in 
IS 11906 : 1986. 

Alternatively Mild Steel tubes may be galvanized 
during manufacturing for surface protection as per 
IS 4736 : 1986 

Steel is a material ideally suited for welding and has 
got excellent mechanical properties. Hence steel pipes 
are best suited for long distance high pressure pipe- 
lines. Steel mains being light in weight are used for 
large diameters, especially above 900 mm, where CI 
pipes become very heavy and uneconomical. 

3 CEMENT PIPES 

Plain and reinforced cement concrete pipes, cylinder 
reinforced concrete pipes, prestressed concrete pipes 
and asbestos cement pipes come in the category of 
cemeiit pipes. In all these pipes the bonding material 
used is cement. Generally ordinary portland cement 
conforming to IS 269 : 1989 is used in pipe 
manufacturing. But other varieties like portland slag 
cement, portland pozzolana cement, rapid 
hardening cement, hydrophobic portland cement and 
43 grade Portland cement conforming to IS 455 : 
1989, IS 1489 : 1991, IS 8041 : 1990, IS 8043 : 1978 
and IS 8112 : 1989 respectively arc also permitted 
for pipe nuking. Cement has good corrosion resis- 
tance properties. Hence the steel embeded in it is 
protected from corrosion. Greatest advantage of 
cement pipes over metallic pipes is their corrosion 
resistance. Because of this property, the water carry- 
ing capacity of pipes will not change much during 
their life. Cement pipes are bulky and heavy, and 
require careful transportation and handling. Cement 
pipes are not suitable where sulphates are present in 
the soil. Except for this, cement pipes have good 
chemical resistance properties. As Uiese pipes are 



rigid, they require uniformly levelled bed for laying. 
In case of loose soils, which are susceptible to sub- 
sidence, proper care shall be taken for preparing 
the bed for laying these pipes. Cement pipes are 
suitable for water supply wiUi low to medium range 
of pressures. 

Comparison of characteristics of cement pipes is 
given in Table 2. 

3.1 Cement Concrete Pipes 

Concrete pipes are manufactured with or without re- 
inforcement. Plain cement concrete pipes are used 
only for non-pressure purposes. All pressure pipes 
shall be reinforced. Cement concrete pipes are 
produced by centrifugal spiiming or vibratory proc- 
ess or a combination of both. The pipes are to be 
cured in water or steani. RCC pipes cater to working 
pressures up to 0.3 MPa (3 kgf/cm^) in case of 
pumping mains and 0.4 MPa (4 kg^cm^) in case of 
gravity mains. The requirements for cement concrete 
and reinforced cement concrete pipes are given in 
IS 458 : 1988. Bends junction and specials conform- 
ing to IS 7322 : 1985 shall be used with cement 
concrete pipes. 

3.2 Steel Cylinder Reinforced Pipes 

Steel cylinder reinforced concrete (SCRC) pipes are 
similar to RCC pipes; in addition to reinforcement a 
thin walled steel cylinder is used in the manufacture 
of the pipe, which increases the strength of the 
pipe. Ordinary RCC pipes are not suitable for 
carrying water at relatively high pressures. In such 
cases SCRC pipes are used. These pipes can be used 
for working pressures of 0.6 MPa (6 kgi^cm^) to 
2.0 MPa (20 kgC^cm^). 

The requirements for SCRC pipes are covered in 
IS 1916: 1989 and the requirements for the specials 
used with SCRC pipes are covered in IS 7322 : 
1985. 

3.3 Fre-stressed Concrete Pipes 

The pre-stressed concrete (PSC) pipes are manu- 
factured by helically binding high tensile steel wire 
under tension around a concrete core, thereby 
putting the core in compression. When the pipe is 
pressurised, the stress induced in pipe will relieve/ 
reduce the compressive stress caused by pre- 
stressing. Thus the concrete in PSC pipes will be 
under compression most of the time, which is a 
favourable factor for impermeability. Two types of 
PSC pipes are in use today — cylinder type and non 
cylinder type. 

a) Cylinder Type — These pipes arc manufac- 
tured in the following manner. 



A welded sheet steel cylinder is lined with 
concrete suitably compacted aind circumfer- 
entially prestresed to withstand internal 
piessure and external loads and subsequently 
coated with cement mortar to protect the steel 
cylinder and prestressing wires. 

b) Non-Cylinder Type — These pipes are manu- 
factured in the following manner : 

A suitably compacted concrete core is longi- 
tudinally prestressed with pretensioned high 
tensile steel wire embeded in the concrete, 
circumferentially prestressed to withstand 
internal and extenal loads and subsequently 
coated with cement mortar or concrete to 
protect circumferential prestressed wire. 

Prestressed concrete pipe is a unique combination of 
durability of concrete and high strength of steel com- 
bined with economy of raw materials. PSC pipes cater 
fox intermediate pressure range for which inetallic 
pipes are expensive and cement concrete pipes would 
not be possible. These pipes are ideally suited for 
water supply mains with a pressure range of 0.6 to 
2.0 MPa (6-20 kgf/cm^). These pipes economically 
compete with steel pipes for diameters 600 mm and 
above. 

PSC pipes can not be cut to size to close gaps in the 
pipe-line. Special closure units are to be manufac- 
tured to the exact length. Even though PSC pipes are 
very good in strength and economy, the manufactur- 
ing of these pipes calls for skilled personnel and 
special machinery. Thus they can not be manufac- 
tured near to work sites, which results in higher 
transportation costs. 

The requirements for PSC pipes and their specials are 
covered in IS 784 : 1978. 

3^ Asbestos Cement Pipes 

Asbestos cement (AC) pipes are being used in our 
country for more than 50 years. These pipes are made 
of a mixture of asbestos fibre and portland cement 
compressed by steel rollers to form laminated mate- 
rial of great strength and density. These pipes have 
smooth internal surface and they will have more or 
less constant water carrying capacity through out 
their life. They are not affected by electrolytic cor- 
rosion. These pipes are light when compared to 
cement or PSC pipes. They can cater to working 
pressures up to 1.25 MPa (12.5 kg£/cm2).Holes can 
be drilled in these pipes, thus, tappings can be made. 
These pipes are generally jointed by cast iron de- 
tatchable joints or by asbestos cement coUer joints. 
Because of their corrosion resistance, smooth flow 
characteristics and suitability of pressure range these 
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pipes are vastly used in rural water supply. These pipes 
can be used for rising mains as well as distribution 
mains. 

The requirements for AC pressure pipes are covered 
in IS 1592 : 1989 and test methods for pipes are 
covered in IS 5913 : 1989. IS 9627 : 1980 gives the 
requirements of AC pressure pipes (light duty), 
which cater for working pressure up to 0.5 MPa 
(5 kgfi'cm^). 

4 PLASTIC PIPES 

4.1 Although the manufacture of plastic pipes was 
started in late thirties, fast development came during 
the second worid war when there was a shortage of 
conventional materials. In India, plastic pipes had 
their begining in eariy sixties and made rapid strides 
in eighties. These pipes arc available in two groups 
which are identified as thermoplastic and thermoset- 
ting materials. Unplasticised polyvinyl chloride 
(UPVC), polyethylene, polybutylene, acrylonitrile- 
butadiene styrene (ABS) etc, come under thermoplas- 
tic group whereas thermosetting polyester and 
epoxy are thermosetting. Among thcmioplastic pipes, 
UPVC and polyethylene pipes are widely manufac- 
tured in India. The relevant specifications are given 
in Annex A. 

NOTE — During the formulation of standards, extensive investi- 
gations were made which established that thermoplastic pipes are 
equally safe from bacteriological point of view as metallic pipes. 
Thermoplastic pipes are generally manufactured by extrusion 
moulding in continuous length. As the plastic extrusion comes from 
the die, it is cooled by water spray or immersion in water. The 
pipe is pulled through a traction unit or hauled off and finally cut 
to length by circular saw. Thermosetting pipes are generally manu- 
factured by continuous filament winding process or centrifugal 
casting. 

The properties, usage and suitability of widely used 
plastic pipes are discussed in the following para- 
graphs and comparison of properties of various plastic 
pipes is given in Table 3. 

4.2 Unplasticised PVC Pipes 

These are generally known as UPVC pipes or rigid 
PVC pipes. These pipes are light in weight, tough, 
exceptionally resistant to chemical attack and avail- 
able in large lengths which reduce the cost of han- 
dling, transportation and installation. Lesser number 
of joints facilitates not only speed in laying of pipe- 
line but also reduces the chances of leakage. These 
are inunune to galvanic and electrolytic attack when 
burried in corrosive soils or near brackish water. 
UPVC pipes have good elastic properties and their 
adaptability to earth movement is superior compared 
to conventional pipe materials. Thermal conductiv- 
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ity of UPVC pipes is very low compared to metals, 
consequently water transported in these pipes 
remain at a more uniform temperature. Smooth 
internal surface of the pipes offers less friction which 
results in saving of energy in the conveyance of 
water. These pipes are recommended for water 
temperature ranging from 1 to 45^C. At higher tem- 
peratures up to 45°C, the strength of pipe reduces and 
the working pressure shall be modified in accordance 
with Fig. 1. Deterioration and decomposition of plas- 
tic pipes are accelerated by ultraviolet light and 
frequent changes in temperature which are particu- 
larly severe in our country. Deterioration starts with 
discolouration, surface crackig and ultimately ends 
with brittleness. Thus the life of the pipe is reduced. 
Further the coefficient of thermal expansion of UPVC 
pipes is eight times greater than steel pipes and 
therefore, provision shall be made when installed 
over the ground. The supports provided to the sus- 
pended pipes between the anchors shall not grip or 
distort the pipe but should allow the repeated longi- 
tudinal temperature movement to take place without 
abrasion. Line or point contact with the pipe should 
be avoided. Heavy components such as metal valves 
shoiild be individually supported. 

4.3 Polyethylene Pipes 

Polyethylene pipes have good chemical resistance 
and are flexible^ as such, a hard fall at the time of 
loading and inloading, etc, can not do any harm to 
it. These pipes can be easily bent in installation, 
eliminating the specials like bends, elbows, etc, at 
various locations, thereby reducing fittings and instal- 
lation costs. Polyethylene pipes are not fractured by 
freezing and can be used up to ambient temperature 
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of - 40°C. However, flow of water can be stopped 
due to freezing of water. Direct application of 
intense heat such as torch or open flame should not 
be used. Two grades of pipes are manufactured, 
namely, low density polyethylene (LDPE) pipes and 
high density polyethylene pipes (HDPE). Low 
density polyethylene pipes are highly flexible, can 
be coiled and are recommended for maximum water 
temperature of 38°C. These pipes have lower tensile 
strength than HDPE pipes whereas HDPE pipes are 
less flexible, tougher and at the same time they are 
resilient and also conform to topography of land 
when laid overground or in trenches. They can 
withstand movement of heavy traffic because of their 
flexural strength. These pipes are recommended for 
maximum water temperature of 45°C. 
The creep rupture strength of the pipe diminishes 
with the increase in temperature above 27°C and 
working pressure should be modified as given in 
Fig. 2A and 2B for LDPE and HDPE pipes respec- 
tively. Polyethylene pipes also deteriorate in ultravio- 
let rays. Carbon black content of 2.5 ± 0.5 percent 
is added in the manufacture of these pipes for 
safeguarding against deterioration under ultravio- 
let rays. Further, there is a possibility of HDPE 
pipes passing the requirements stipulated in the 
standard (IS 4984 : 1987) even with adulterated material 
up to 30 to 40 percent. The effect of adulterated 
material shows only after the pipe is used for a few 
months. To safeguard this aspect melt flow index and 
density tests have been prescribed in IS 4984 : 1987 
The other precaution to be taken while laying LDPE 
and HDPE pipes above ground is to provide ade- 
quate number of expansion loops, bellow or sliding 
gland expansion joints as the thermal expansion/con- 
traction of LDPE and HDPE pipes are 20 times and 
14 times respectively greater than metal pipes. Care 
should also be taken to account for the high increase 
in surface temperature of these pipes in cases of 
exposed laying or laying in proximity of artificial heat 
sources. 

4.4 Thermosetting Plastic Pipes 

These pipes are a matrix or composite of glass-fibre, 
thermosetting resin and fillers and are conmionly 
known as GRP pipes. These are suital:^le for water 
distribution and are light in weight. With the range 
of thermosetting resins available, varying the con- 
stituents and different methods of manufacture, con- 
siderable variation is possible in the properties of 
pipe, in both resistance to corrosive environment as 
well as from stmctural point of view. Requirements 
of these pipes have been covered in IS 12709 : 1989. 
These pipes Aie not covered in detail in this manual 
because o| their limited use in rural watci: supply at 
present. 
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VutKuUy Ca*i 
IS 1337 : J97S 



ll«i»«aUTCM 
B 7111 : 198i 



(^) 



SpuCiu 

IS im : 1989 



(3) 
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SI 

(i) 



iii) 



Characteristic 



(2) 



Common jointing 
method 



Bends, junctions and 
specials/fitttiijps 



Application 



iv) 



Classiflcalioii 



Test presuie, MPa 



vi) 



vu) 



viii) 



«) 



Nominal diameter, mm 



Wall thickaess, mm 



Length, m 



xi) 



xii) 



xtii) 



Tluee edge bearing test 

a) load to produoe 0.25 mm 
craclc, kN/m 

b) ultimate load, kN/m 



Water Absorption 



Hydraulic buisting 
stress, N^nm^ 



Transverse cmsbing 
stress N/mnr 



Longitudinal bending stress 
N/mm' (up to 150 mm dia) 



Table 2 Comparison of Characteristics of CemcDt Pipes 

(Clause 3) 



Cement Concrete and Reinforced Pipes 

IS 458 ; 1988 

(3) 



Flush joiniing and collar jointing for non- 
pressure pipes; spigoi and socket types for all 
classes of pressure pipes (with flexible rubber 
ring) 



Shall conform 1o IS 7322 : 1985 



NP pipes used for drainage and irrigation 
works 

Pi pipes for graviiy mains and P2 and P3 pipes 
for pumping mains 



Steel Cylinder Reinforced 
ConcreU Pipes IS 1916 : 1989 



C) 



Spigoi and socket type ofjoint or welded joint 
(butt weld or lap weld) 



Shall conform lo IS 7322 : 1985 



Prestressed ConcrHe Pl^es 

IS 784 : 1978 



(5) 



Spigolandsocketjdintwithrubbersq ling rings 



NPl to NP4 non-pressure pipes (test pressure 
0.07 MPa) 

PI, P2 and P3 pressure pipes 



Water mains, sewers, irrigation and similar 
works 



Classification based on tesi pressure class 1 
to class 5 and class (special) 



Shall conform to IS 784 : 1978 i 
I 



Water mains and sewerage works 
(under pressure) 



Not classified as the pipes are to be designed as 
per field requirements 



80 - 1 200 



- 1 000 80-800 



25-100 25-120 



Pressure 0.5 

Class 4 



1.0 1.5 

5 Special 



Pressure 2.0 2.5 >2.5 



200 - 1 800 



Up to 250 mm diameter : 2.0 
above 250 mm diameter : 2.5-4 



a) 10.05-4021 

b) 15.08-60.32 



As agreed berween purchaser and manufac- 
turer 



80 - 1 800 



As per design requirement 



As agreed between purchaser and manjfacturer 



Max 2.5% in first 10 min andMax 6.5% at the 
end of 24 hours 



a) 10 - 30 

b) 16 - 45 



Permeability 1 cm' in half an hour 



Asfcestos Cement Pressure Pipes 



IS 9627: 1980 (light duly) 

(6> 



IS 1592 : 1989 



Asbestos cementcoupling with rubber sealingriags or cast iron detachable joints with 
rubber sealing rings 



Cast iron specials for use in AC pipes shall conform lo IS 5531 : 1988 



Water supply pressure mains 



Classification based on test pressure 



Class 



10 



Pressure 0.5 1.0. 



Class 5 10 class 25 and 
Class 5 TP-^ to 10 TP* 



Class 



Pressure 

Class 



0.5 

25 



1.0 1.5 2.0 

5TP" IOTP" 



9.5 - 15.0 



3,4or5 



Pressure 



80 - 1 000^ for class 5 to 25 and 
700 - 1 000^ for class 5 TP and 10 TP 



9.5-43.5,9.5-43.5,9.5-53.0.11.0-71.5,13.5-91.0, 
24.5 - 34.5, 24.5 - 34.5 respectively for classes 
5, 10, 15, 20, 25, 5TP. IOTP 



3, 4 or 5 



10 for Class 5 
12.5 for Class 10 



80 to 300 mm dia — 20 
350 mm dia and above — 22 



150 mm dia and less — 24.5 

Above 150 mm dia — Not required 



'* TP is the test pressure. 

^ Pipes of nominal diameter larger than 1 GOO ram may also be manufaciurerd, in such cases. 
deuileU dimensions may be arrived at between the supplier and the purchaser. 
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Table 3 Comparison of Characteristics of Various Plastic Pipes 

(Clause 4.1) 
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.J.NI1L 


Chanctcristia 


PolytthylHC 


UPVC 


GRP 


(IJ 


(2) 


LDFE 

IS 3076 : 1985 

(3) 


HDPE 

IS 4984 : 1987 

(4) 


IS 4985 : 1988 
(3) 


IS 12709 : 1989 
(6) 





Chemical rcsislanoc 


Good all round chemical resistance 


Good 411 round chemical resistance 


Good 


Good 


iO 


Flexibilit)' 


Highly nexiMe, can be coiled 


Less flexible than LDPE, still pipes can be 
coiled 


Relatively rigid 


Rigid 


iii) 


Tensile stnsgtli 


Low 


Medium 


Fair 


High 


iv) 


Impact strength 


Not applicable 


Good 


Fair 


Very good 


V) 


Comiuoa jointing 
raethods 


Insert type joint, compression fittings and 
threaded joints 


Ipserl type joints, compression littings, fu- 
sion welding, [breaded joints; (langed joints 


Solvent welded joints,'f1anged joints 


Double beU CO upliug,ilaneedjoints, steel CO liar flaagwljointsaad 
bull strap joins 


vO 


Applicalion 


Water su^ily and distribidnn lines and 
inlenal ptsoUng of buihtii^ 


Uader£tound water supply lines, also for 
plumbing in buildings, flexible water supply 
connections in buildings, river crossings, 
highly corrosive locations, marshy and sali ne 
areas. 


For all applicatioas like water services, (except tor hot water), 
highly corrosive applications, plumbing in buildings, river cross- 
ings, marshy and saline areas. 


For potaUe water supply, sewerage system for both above and 


'/ 




' V.) 


aassification 


Ciassincation based on working piessure. 
Class 1 to Class 4 


Ciassincation based on working pressure, 
Qass 1 to aass 3 


Classification based on worUng pressure, Qass 1 to Qass 4 


aassification based on wotliiBg pressutt, 
PN3 PN6 PN9 PNt2 PN\S 


1 v.> 


Woiking pi«suR '' 
MPa (at 27°C) 


0.25 0.40 0.60 1.00 


0.20 0.25 0.40 0.60 1.00 


0.25 0.40 0.60 1.00 


0.3 0.6 0.9 1.2 1.5 


ix) 


Nomiiul outside 
diameter (OD) in IDD 


40-140 32-140 20-110 12-63 


75^ 63- 40- 32- 20- 
630 630 630 630 500 


90-630 63-630 40-630 16-630 


200to3000 


') 


Length nominal in u 


25, 50, lOO, 150 and 200 in coll form 


In coils with minimum innerdia of coil^ is 25 
times OD of pipe '' 


4,5and6m« 


6 to 12 m 
10% of pipe section may be supplied in random lengths 


«) 


Recommended lempenture 
rang« in °C (water tenperatiire) 


, - 40 to +38 


- 40 to t45 


110 45 


Can be used at temperature >43.5 
(with reduced working pressure) 


i) 


Hydraulic characteristics 

a) Type test 

b) Acccpance (est 

c) Quality test 


Test lemp. Duraiioo Induced 
stress 

°C roin MPa 

b) 70 100 2.9 

c) 20 1 7.8 


Test temp Duration Induced Stress 
°C h MPa 

J, 80 1 95 3.5 

80/ 170 3.0 

b) 80 48 4.1 


Test temp Durailon Induced Stress 
"C h MPa 

a) 60 1 000 10 

b) 27 1 36 


Qass 3PN 6PN 9FN 12PN 15PN 

Hydro- 0.6 1.2 1.8 2.4 3.0 

static 

pressure 

InMPkfor 

soundness lest 


■<) 


Reversion test 


Temp Duration Permissible 
deviation ia 
length 
t min peroeni 

100 ± 2 60 3 


Temp Duration Permissible 
deviation 
°C min percent 

110 ±3 30 3 


Temp Duration Permissible 
deviation 
in length 
°C rain percent 

150 i 2 15 to 60 5 
(depending on thickness) 


1 


xiv) 


Tensile properlies «1 27 + 1 t 


Wall Tensile Etongaiion 
(hickne&s strength al break 
mm Min Min 

<5 8 85 MPa 350* 
>S 8.85 MPa 200* 


- 


- 


- 


) 


Opacity 


- 


- 


Wall of pipe shall not transmit more than 0.2% of visible light 





SP57(QA\VSM): 1993 



Table 3 {Concluded) 



SLN& 


CfaaractciisUcs 


Potjithylac 


UPVC 


GHP 


(1) 


<2) 


LDPE 

IS 3076 : 1983 

(3) 


HDPE 

[S 4984 : 1987 

(■«) 


IS 4983 : 1«S8 
(J) 


IS 12709 ; 1989 


xvi) 


Effect on water 




- 


Mass. Max. 

lxad<fiislrxlracIion) I ppm 

Ixid (third extraction) 0.3 ppm 

I>yalkyle tin C, and higher 02 ppm 
homologous measured 
as tin (third extraction) 

Cadmium (all extracts) 0.001 ppm 

Mercury 0.001 ppm 

Other toxic substances 0.01 ppm 
(third extraction) 


To be tested for migration of constituents of plastic material in 
accordance with IS 9S4S : 1986 and potability should be 
eslabilished 


xvii) 


Resisunoe lo sulphuric acid 


- 


- 


When tested according lo IS 12233 (Part 6) : 19S6 Mass of 
specimen shall not exceed 0,32 g nor decrease by more than 
0.013 g 


i 


xviii) 


Impact sirenglh a[ 0°C 


- 


- 


When tested according to IS 1223J (Part 9) : 1986 no failure OM of 
14 strikes or up to 4 failures out of 42 strikes is considered as 
passing 


- 


xix) 


Specific initial ring stiffness, 

percent 


- 


- 


- 


- Wm' 1230 2 500 3 000 10 000 1 
Ring Levels 

[>enec- a) 18 13 12 9 
tion b) 30 23 20 IS 


XX) 


Beam strength, kN/m 


- 


- 


- 


Depends on diameter and class of pipe. Values are given in 
Table 3 of IS 12709: 1989 


xxi) 


Hoop tensile stiength, kN/m 


- 


- 


- 


Depends on diameter and class of pipe. Values are given in 
Table 4 of IS 12709:1989 



^^Tbc working prtssurc shiU be niodified based on actuil temperature to which Ibe pipe will be subjecKd ( see fig. 1 jiihI 2). 
^*T]x pipes nuy be supplied ia other lengths where as agreed between the nuiiufaciurer and purchaser. 
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TRANSPORTATION, HANDLING, STORAGE AND INSPECTION 



1 METAIXIC PIPES 

1.1 Transportation 

Pipes should be loaded in such a way that they are 
secured and that no movement should take place on 
the vehicle during transit. 

The pipes should be loaded on vehicles in pyramid 
or straight sided formation. In case of pyramid loading 
the pipes in the bottom layer should be restrained by 
the use of broad wooden wedges secured to the vehicle 
being loaded. The pyramid is to be formed by resting 
pipes between the pairs of pieces in the preceding 
layer with the sockets in layers reversed. Straight 
sided loading may be used with supports along the 
sides of the vehicles. The use of straight sided loading 
is advantageous for utilizing full capacity of the 
vehicle. 

1.2 OfT-Loading 

a) Ductile Iron Pipes — Cranes should be pre- 
ferred for off-loading. However, for pipes up 
to 400 mm nomiiuil bore, skid timber and 
ropes may be used. 

When using mechanical handling equipment, it is 
necessary to employ sufficient personnel to carry 

^ out the operation efficiently with safety. The pipes 
should be lifted smoothly without any jerking motion 

tand pipe movement should be controlled by the use 
of guide ropes in order to prevent damage caused 
by pipes bumping together or against surrounding 
objects. 

Where the entire operator does not have a clear 
view, he should be guided by the personnel super- 
vising the operation. When cranes are used, the 
whole sequence of operation should be carried out 
smoothly and without snap. Properly designed 
hooks and adequate stead topes are essential. The 
books should be of suitable shape to ensure positive 
engagement when entered into the ends of the pipes 
and then should pass over any protective packing 
fitted around the pipe ends. 

The use of slings passed around bundles of pipes is 
not recommended because bundles become un- 
stable as the sling is drawn tight or released. How- 
ever, when it is necessary to use the central slinging 
method for lifting single pipe, a broad webbing sling 
is recommended which minimizes the risk of the pipe 
slipping. Chain slings may slip and are dangerous. 



b) Cast Iron Pipes — While unloading, pipes 
shall not be thrown down from the trucks on 
hard roads. Unloading them ofi timber skids 
without a steadying rope and thus allowing 
the pipes to bump hard against one another 
should not be allowed, tn order to avoid 
damage to the pipes and specially to the 
spigot end, pipe should not be dragged 
along concrete and similar pavements with 
hard surfaces. 

c) Mild Steel Pipes — It is essential to avoid 
damage to the pipes, fittings, specials, etc, at 
all stages during handling. The pipes and 
specials shall be handled in such a manner 
as not to distort their circularity or cause any 
damage to their outer coating. Pipes shall not 
be thrown down from the trucks nor shall 
they be dragged or rolled along hard sur- 
faces. Slings of canvas or equally non-abra- 
sive material of suitable width or special at- 
tachment shaped to fit the pipe ends shall be 
used to lift and lower coated pipes so as 
to eliminate the risk of damage to the 
coating. 

1.3 Stacking 

Pipes being taken to a stock ground for storage and 
held pending for further distribution should be ar- 
ranged into stacks. The first layer of pipes should be 
laid on a firm foundation consisting of solid timber 
set level on the ground. Subsequent layers should be 
placed according to the method of stacking 
adopted. Care should be taken so that the pipes do 
not rest on their sockets. The height of any stack 
should not exceed 2 m. 

1.3.1 Methods adopted for stacking of CI & ductile 
iron pipes are described in following paragraphs: 

a) Square stacking — In square stacking meth- 
ods, second and subsequent layers are set at 
right angles to the previous layers with spig- 
ots and sockets alternating in each layer and 
sockets project beyond spigot end. The 
pipes rest directly upon those beneath it 
and care is needed in placing to prevent 
damage. 

b) Parallel stacking with timbers — All the pipes 
arc parallel with the sockets of successive 
layers reversed end-to-end with sockets 
projecting beyond spigot end. Timber bat- 
tens, placed about 600 mm from each end at 
right angles to the pipes» are used to separate 
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tlie successive layers. Wedges at both ends 
of each batten prevent pipe movement. 

c) Nested stacking (pyramid stacking) ~ Nested 
stackir^ consists of placing each pipe be- 
tween the two pipes underneath it, with the 
sockets being all at one end of each layer 
and being reversed in successive layers. The 
bottom layer should be firmly anchored to 
prevent stack collapse. 

d) Special precautions for bitumen-sheathed 
pipes — Bitumen-sheathed pipes should be 
handled with care to avoid any damage to the 
sheathing. They should not be stacked but 
laid in a single layer supported on timbers 
placed under the uncoated portions of the 
spigots and sockets. Sheathed pipes should 
be lifted by means of properly designed 
hooks fitting into the spigot or socket, or by 
specially designed slings which will not 
damage the sheathing. Wire rope, chains or 
hemp slings should not be used. 

1.3.2 Stacking of the Steel Pipes 

Steel pipes can be stacked in any one of the methods 
given in 1.3.1 (a) to (d). As steel pipes are plain ended 
the problem of arranging spigot and sockets will not 
be there. Padding shall be provided between coated 
pipes and timber skids to avoid damage to the coating. 
Suitable gaps in the pipes stacked shall be left at 
intervals to permit access from one side to other. 

1.3.3 Stringing 

Stringing consists of placing pipes on the ground in 
line ready for laying. Care should be taken to 
prevent damage during this operation. 

1.4 Inspection 

1,4. 1 Inspection of Cast Iron and Ductile Iron Pipes 

The pipes and fittings shall be inspected for defects 
and be rung with a light haminer preferably while 
suspended to detect cracks. Smearing the outer 
side with chalk dust helps the location of cracks. If 
doubt persists further confirmation may be obtained 
by pouring a little kerosene on the inside of the 
pipe at the suspected spot; if a crack is present the 
kerosene seem through and shorn on the outer 
surface. 

If a pipe is mishandled either accidentally or due to 
carelessness during unloading or lowering operation 
it should be thoroughly inspected before laying 



and shall be rejected if found unsuitable by the 
authority. 

1.4.2 Inspection of Steel Pipes 

The pipes and specials shall be inspected and 
defects noticed, if any, such as protmsions, grooves, 
dents, notches, etc, shall be rectified. Care should be 
taken that the resulting wall thickness does not 
become less than the minimum specified. If the w^Il 
thickness becomes less than the mininnmi the damaged 
portion should be cut out as a cylinder and replaced 
by an undamaged piece of pipe. 

A dent is a depression producing a significant altera- 
tion of the curvature of the pipe shell, the depth of 
a dent is measured as a gap between the lowest point 
of the dent and the curvature of the pipe-line. All 
dents exceeding 2 percent of the outer diameter of the 
pipe should be removed. Dents shall be removed by 
cutting out a cylindical portion of the pipe and replacing 
the same with an undamaged piece of the pipe. Insert 
patching may be permitted by the authority if the 
diameter of the patch is less than 25 percent of the 
nominal diameter of the pipe. Repairs by hammering 
with or without beating shall not be permitted. Any 
damage to the coating shall also be carefully exam- 
ined and rectified. 

2 CEMENT PIPES 

2.1 Transporiauon 

Pipes should be loaded at the works for transporta- 
tion, either by rail or by road, in such a way that 
they are secure and that no movement can take 
place on the vehicle during transit. The same care is 
needed if pipes are to be transferred from one 
vehicle to another, however short the journey may 
be. 

2.2 Off-loading 

To avoid any cwtly mampulation or handling, the 
pipes shall be unloaded where they are required. 

a) Cement Concrete, SCRC, and Prestressed 
Concrete Pipes 

Off loading should be carried out by means 
of chain block with shear legs or crane of 
adequate capacity, using properly desimed 
slings and spreader beams or specially de- 
signed lifting beams {see Fig. 1). Slings should 
be placed around the circumference of the 
pipe and should not be threaded through 
the pipe boie, as the latter method may damage 
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the jointing surfaces. For the same reasons, 
hooks located in the ends of the pipes should 
not be used. 




Rg. 1 A Typical Ufitng Beam 

b) Asbestos Cement Pipes (Except Where 
Mechanical Handling Facilities are available) 
— Pipes weighing up to 60 kg shall be 
handled by two persons by hand-passing. 
Heavier pipes shall be unloaded from the 
lorry or wagon by holding them in loops, 
formed with ropes and sliding over planks set 
not steeper than 45^. The planks shall be 
sufficiently rigid and two ropes shall always 
be used to roll the pipes down the planks. The 
ropes should be tied on the side opposite to 
the unloading. Only one pipe shall be un- 
loaded at a time. 

Under no circumstances shall the pipes be thrown 
down from the carriers or be dragged or rolled along 
hard surfaces. 

23 Stacking/Storing 

a) Cement Concrete, SCRC and PSC Pipes 

1) Stacking — Pipes may be placed directly 
on the ground provided it is reasonably 
level and free from rocks and other pro- 
jections. Stacking in tieis is permissible 
provided timber bearers are placed be- 
tween succeding tiers. If pipes are to be 
stacked more than two tiers high, refer- 
ence should be made to the manufacturer 
for advice before exceeding the two tiers 
specified. 

2) Stringing — Stringing consists of placing 
pipes on the ground in line ready for 
laying. Care is again needed to prevent 
damage during this operation. 



b) A.C. Pipes 

Each stack shall contain only pipes of same class and 
size, with consignment or batch number marked on 
it with particulars of suppliers wherever possible. 
Storage shall be done on firm level and clean ground 
and wedges shall be provided at the bottom layer to 
keep the stack stable. The stack shall be in pyramid 
shape or the pipes laid lengthwise and cross-wise in 
alternate layers. The pyramid stack is advisable in 
smaller diameter pipes for conserving space in stor- 
ing them. The height of the stack shall not exceed 
1.5 m. 

Cast iron detachable joints and fittings shall be stacked 
under cover and separated from the asbestos cement 
pipes and fitting^. 

Rubber rings shall be kept clean, away from grease, 
oil, heat and light. 

2.4 Inspections 

2.4.1 Inspection of Pipes Before Laying 

Prior to being placed in the trench, pipes should 
be visually inspected for evidence of damage with 
particular emphasis laid on examination of the joint 
surfaces which may have been damaged by impact 
during transit or during off loading and handling at 
site. 

2.4.2 Repairing Damaged Concrete Pipes 

Any damage to the pipe may impair its strength or 
integrity consequently although some minor damage 
may be repairable at site, such repairs should be 
undertaken only by pipe manufacturer or under his 
supervision. 

3 PLASTIC PIPES 

3.1 Transportation 

Plastic pipes are lighter than other varieties of pipes. 
Hence plastic pipes are easy to handle and transport. 
But they need careful handling and transportation as 
they are susceptible to damage. 

Pipes should be loaded in such a way that they are 
secured and that no movement should take place on 
the vehicle during transport. Straight sided loading 
may be used with supports along the sides of the ve- 
hicle. The use of straight sided loading is advanta- 
geous for utilizing full capacity. 
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3.2 Handling 

Because plastics are softer than metals they are more 
prone to damage by abrasion and by objects with 
cutting edge. Hence such practices as dragging pipes 
over rough ground should be avoided. 

The impact strengtbx»f PVC pipes is reduced in cold 
weather. It makes the pipes brittle. Hence more care 
in handling shall be excercised in cold conditions. 
Polyethylene pipes are not affected by low tempera- 
tures and hence no additional care is required. 

If due to unsatisfactory storage or handling, a pipe 
is damaged or kinked, the damaged portion should be 
cut out completely. 

3.3 Stomge 

a) Polyethylene Pipes 

Black polyethylene pipe may be stored either under 
cover or in the open. It is suitably protected from 
ageing due to sunlight by the addition of the appro- 
priate quantity and type of carbon black. Natural 
polyethylene pipe, however, should be stored under 
cover and protected from direct sunlight- 
Coils may be stored either on edg^ or stacked flat one 
on top of the other, but in either case they should not 
be allowed to come into contact with hot water or 
steam pipes and should be kept away from hot sur- 
face. 

Straight lengths should be stored on horizontal racks 
giving continuous support to prevent the pipe taking 



on a permanent set. 

Storage of pipes in hot areas should be avoided. While 
storing the pipes at temperatures above 45°C con- 
tinuous support may be given by levelled sand layer 
or by other suitable methods. 

b) PVC Pipes 

The pipe should be given adequate support at all 
times. Pipes should be stored on a reasonably flat 
surface free from stones and sharp projections so that 
the pipe is supported throughout its length. In storage, 
pipe racks should provide continuous support and 
sharp corners of metal racks should be avoided. Pipes 
should not be stacked in large piles, especially under 
warm temperature conditions as the bottom pipes may 
distort, thus giving rise to difficulty in jointing. Socket 
and spigoted pipes should be stacked in layer with 
sockets placed at alternate ends of the stakes to avoid 
lop sided stacks. 

It is recommended not to store pipe inside another 
pipe. On no account should pipes by stored in a 
stressed or bent condition or near the sources of heat. 
In tropical conditions, pipes should be stored in 
shade. 

Pipes should not be stacked more than 1.5 m high and 
pipes of different sizes and classes should be stacked 
separately. 

The ends of the pipe should be protected from abrasion 
particularly those specially prepared for jointing either 
by spigot or socket solvent welded joints or shoul- 
dered for use with couplings. 
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CHAPTER 4 PIPE FITTINGS AND VALVES 



1 Pipe fittings are the importaitt component of pipe- 
lines. Ifi ymctice it has been observed that most of 
the lealES 6ccur at joints or at fittings and therefore 
due cowideiHtion should be given to the quality of 
fittings for proper functioning of pipe-lines. 

1.1 Indian Standards on various types of fittings 
have been prepared to give guidance to the users. 
Table 1 covers the salient features of fittings as 
given in various Indian Standards. However, for 



comprehensive reference, respective standards should 
be referred to. 

2 Valves are required in most water supply pipe 
lines to regulate flow of water. Valves are of different 
types depending on applications. Tab(e 2 coven the 
salient features of some of the valves most commonly 
used in water supply lines. For comprehensive ref- 
erence> respective Indian Standards should be re- 
fened. 
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seal) lad mala aad feaula 
Uiuo« (Upcr seal) 

Gaikel fcx usioaa 

(UK Mil) 

PNlOnugea 

PN 16 a»g« 
PNZJnaagei 
(wbcn PN ia aoiBiDal 
preaaura for filtiagt) 

Flaated loeluii 



DouU* »ckeu 1/4 

baB<la<90°) 

DouUa locjuu lA 

DouMa socketi yi« 
beadi 21>/^ 

DouMa wckeo 1/32 
heo<ti(ll'/,°) 

DoiMh sKbtt lea 
wi(k naated bmacli 



AJI socket lc« 
DouUs socket upen 
Oouble (langcd lipen 



SOiolOOO 
9010 1000 

aoiotoo 



ao IS I 000 

r« PN 10 ud 
PN lAclua, 
80 to 600 
(or PN IS ela» 

. do- 



so 1o I QOO 
SO to 300 

30 10 iOCO 

SO to 1000 

80 to 1000 



30 to 1 000 
Tor PN 10 tsd 16 
SO 10 600 
for PN li 



80 10 200 

100 lo 1000 

100 to 1000 
for PN 10 asd Ifr 
100 10 600 
for PN 23 



80 to I 000 
for PN 10 aod 16 
SO 10 600 
for PNa 



:00to 1 000 
forPN lOiad 
PN 16 dM 
ZOOwMO 
PN2Jdaa 



6.2 to «0,0 
per 100 piaoea 



3 to Sl.4 
2.9 U 122.9 

2.9 to 71.J 



1) far PN 10 dau 

7.J to 293 

t>) (or PN Ij dva 

7.4 to 324 
c) for PN 2i dasa 

7J 10 149 
1) for PN 10 dau 

X9 to 32S 

b) (or PN II daaa 
7.8 to 369 

c) forPN23d». 

7.8 10 173 

7.9 lo 349 

S.6 10 6S 



7.7 to 63J 
7 J lo 470 
7.1 to 381 



a) (a^ PN 10 dan 
13.6 to 1044 

l>) forPN I6daia 
13J to 1086 

c) for PN 21 dm 
13.J 10 380 
12.4 to 43 

S.3 to 334 

1) for PN 10 daaa 
9-4 to 373 

b) for PN 16 djB 
9.3 lo 438 

c) forPN2Jd«a 
9.8 B 216 

a) for PN 10 dasa 
3.6 to 293 

b) (or PN 16 daaa 
3 J to J87 

e) rorPN2Jdiw 

3Jlol44 
a) tor PN 10 das 

13J1O209 
6) for PN 16 daa 

13.0 to 260 

c) forPN2id«a 
13 lo60 



I) TolcnaOf* oa cxteraaj diaiocur of ihe baml. 
iaieraaj diameter aad depdi of socket (or lead 
joiat stall be aa folkiwi : 



PijHouuM Somuml 



Enenul AIL i i/or 

dlameler • (4.3 t aOOl 3 £IJV ) 

[atemaJ Ail ^ i / or 

dtaioeier :(3*a001£i^) 

Depik of !ip fo 600 • 3 

socket 

over 600 1 10 

ud up lo 1 000 

over 1 OOO : 13 

and up to 1 800 



wberef ia the caulking space of the joint If 
equal to 9.9 + a003 £UV 



mBd 



Tbe joiaiiag tolen 



s applicable to nibberiaintt 
<t puiil-ia joiall shall be as sped- 
Gcd bf ibc maoufactiiiTr ud skaU be wiihio die 
toknaoa tpeoTied ii (a) above. 

b) ToleraK* oa lUdcneia ia mm : 
i) WiU itiicksesa 

-(2J t 0,003 fl^) 

ii) FUage ihickneM 

r (3 ♦ aOS b) 
wlHr« b is ooi^nal lliickness of Ibe flange ia 

c) Toleranoe oa leitgili lor sockev finingj ud flange 
and spigot pieces 
i) «p to 430 mat DN : 20 a 



ii) < 



T 430 mm 0^ ! J 



ill) (laoge nnin^ * 10 n 
i) Mas 

i) Benda. Httiiigs wtik more Iban one brancti 

and noa-siaodard rulings • 12% 
ti) Other finings a 3% 



TTm finiagi shail he sucb ibai ibey oould be oil, drilled or maduned and 
•itall be anpttd mvtdod ibe baidncai of tlx eiienal unmackiocd 
vuiMX doa^ aoi eiicted cbi Brtanel haidaeia 230 HB. In cue of 
(U.g«l io.«<. ib< flange shall be ai rigk. angiea to the ax., of *. joiai 
and mackiiMd in face. The boll bolea stall be dhlled. Tbe two Hangea 
of the lining shall be oorrecily aligned. To coaml ib^ quality ofcaaOag 
Teaailo teal and Bfiaoel Hanjnna lesi bavi been speafled whKh are 
to be nadocied oa tesi ban cast The coaung m^aireneni giMn in the 
lUndard are same a* given above for cut inn llittagi as per IS 1338 
(Pim 1 to 38) 



For bydioauiic Iesb, all ailiags shall be kept under presswe (or 13 seconds and 
nay be sttuck ooderaicly with a 700 g himmet lliey shall wtihsiand ihe 
presMW leat wiihoui showing any leikjge, sweaiing or other defect of any kind. 
Ai far aa possible, hydrosuiic lesi shall be conduded before roauilg lb< Ittliog. 
All Ibe linings are tested (or following hydrosutic pressuR . 

Somimmt 







iiyiirostmttc 

Tat Frasurt 






Grade 1 
MPa 




Grade 
MPl 




6.0 




3.3 


600 


3.0 




3.3 


t 000 


4.0 




J3 



Table 1 ( Consinued ) 



(3) 



Kaay it Shw (N—fc.1 



Donbte nufcd 1/4 



Doatito ftugid 1/4 



DcHibla fluccd 1/3 



Mm 

(3) 



TokTHCH 4H Sba ud 



SOto 1000 tat 
FN 10 ^ 16 da 
sots 600 tar 
PN23dai 



Fluked l«* 


10 ts 1000 
tor FN 10 Md 
FN16daaa 

aoio«oof« 

FN 23 data 


FkCK 


6(0 IJO 


RuiBiss nipplH, dou 
■•p*r. nipplei lad 
bunlBippte* 


« lo 150 


L«i|S™*. 


6K> [}0 


Biad* ud sphaii 


6 to 120 


Reiitn tMod* 


6 to IJO 


Sockcs 


6»1M 


Elbow Htaad 


6 10 ISO 


Elbowt, Kdadag 


8 K * o 100 X 80 


Rntocing Ka (o« 
tlHbnaFfe) 


8 X 6 u 1 JO X 100 


Tset. ndnciog (oa Ike 
ni ud bnod or « 


20 X 15 X IJ u 

ITOxSOxSO 


Ten incKWBt oa bnack 


6 X g to 30 X 100 


rraaca, ndidaf 


S X 6 » 130 X 100 


Elbowi. read, mate 
lad r*iiute. c!i^l 


3 to 100 


Elbovs, tqual 133« 
Elbom. lectiad 
frwm. tid* oaltet. K|hI 
Y-piccaa, haialc 
aqnJ 


6 10 100 
ii to JO 

13 U 100 


Soefcei ffidadag 


8x«l0 
«xE 


C^p. 


6(o 130 


Flag. 


6 lo 130 


Elbim. tcacmao. 
nute. equal 


13 to 130 


Y-pc«<m>D4t 

lagle wci; lOalc. eqoal 


13 to IJO 



■) lor PN 10 daa 
9.9 i» 907 

b) tot ?tt 16 daa 
9.6 U 940 

c) for PN 23 dan 
9Aio;33 

4) ror FN iO dan 
MJ lo 4a 

b) for PN 16 daM 
14.1 to 481 

e) for PN 23 daa 
14.110 309 

a) for PN 10 daa 
9 J 10 663 

b) Tor PN 16 daa 
9JI0 731 

c) forPN23daia 
90} 10 294 

1) tOfPNlOdna 
16 to 1 103 

b) ror PN 16 daa 
13.6 lo i 229 

c) for PN 23 daa 
13.6 10 477 



J) Wlwa maxioun 

not speciricd. iha lolerai 
face ufieeaBdccnnio 
be as uader : 



tc diraanaioa sbali 



Up to and 




Indudiag 




30 


i 1.3 


50 


*2.0 


73 


i 2.3 


100 


± J.O 


173 


i3.3 



100 

NOTES 

1 Caatre lo face dimeiuioa apply lo tibowj. bends. 

i«s. cmati, tie 

: F»»iot»«diiiiciHioimpp|yiojocl(eo.mppjej. 

3 Cenire to ceniTedimeiBioni^pplyiortiiirn bends 

b) The axis of ihe ihread shall be cotnadeni wfih 
the ibeoreiical axis of Ibe fltiiags urtibia i toler- 
aa« of 10.3° on Ihe ma add on ibe braoche*. 



R» Mulaiial, MasafMtw* 
CoopaaMo., WorlouaaUp, ate 



Tubular, shaJI be m«j, f,o» labea vhich amply w.tb ,11 .he .pp,„p„. 
ale requrenKna of !S 1339 (Pan 1) ; 1990. Soctecs sball be manuiac- 
»«ed from mild steel by Jay of tba foUowigg pmcesa ; 

a> HotfinisbodseamleaaiHrS), 

b) Electric icsuanoe weldii^ (ERW), 

e) High frequency ioductios welded (HFIW>, and 

d) Hot-nqiiliad wdded (HFW). 

Haod wekliot of »d(e. may b. parnjued provided teal requiremeaB 
for socket, coveml i. iS 1239 (Pm 2) : 1991 ai« complied with. 

Other Gliiiig, shall be maaufactuiad from mild steal by aay ipprcv^ 
proeoa. 



Uale» oU»™i« jp«:,fled by tb, purdwer, aU fiitiag, sball be ™au. 
B "jT Tw.""*' """"^"^ '^^'"'* *■"' "» "q-'^-nea.s of 

S^w' fr: *"f "'"»«' •« ««*« -<«■■ '««» .. «™da.„ wi.h 
IS 1394 1972 shall show , mnmtm leaule streogih of 320 MPi The 
P«rttttttge etoogaUon on a gauge lengih of 3,63 vj {whe™, J i, the 

divided by lh« teo»le stnngtb of ipKliDea. 

The ladle analysis of steel shall „. show sulphur and pho^oru, 
«..en. e»ceed,ng 0.06 pe««, cadL Tie ™,i„„„ pe,„,«.bl. varia- 

IIOB Of sujphur and phoaphom, la caM of nrodoci ,™ii™i. r »7 

.*.... sbal, be 0003 ^«ereacb ^^J.^^^T^^^Z 
rtnuKng quality steel). iTxi««e lo 

Where fining are lo be galvanized, [he a 
dance wiih IS 4736 r 1986. 

TubaUr. sock,, ,„d fimag, ,(,a|i be daaaly ftaisbed and re.«,„aNy 
ftw :n>in scale, surface flaws. lant,aaiioa and other defecB, The 
soew .h^d. Sball ^ clea. „.d w.|, cur, lU ends shall bTcu^d..^ 

';lr"" ""*" °"'"*'" '^''^ ^^ ««*"" ■•« ""<^"' >l» 
^^ne. expa^oa ,es. ,Dnft ExpatKling Tea, or Taper Screw Plug 



c coaling shall be in accor- 



Hy^Hiallc Teat 

(81 



(9) 



P«we Too ,■ The rining, and sockets before they leave ibe worts shall he 
subHxrted !o either of the following lesis. as mutually agreed between ihe 
purchaser aod the supplier. 



1 intenial hydraulic pRaautc of J MPa (30 Itgf/ 



i) The applieaiion of a 
cnr); and 

ii) Application of an ioieniai air presure of 0,7 MPa (7,0 kgi/cm-") 
whil* the nihng ia compleiely immened in waier or light -il 
The end, of fitting, and socket, when subjected to ihc loiiurtd presaun, after 
having been made up wicnch light with ihe prior ipplication of lubncani. or 
sealant, or by any other appropnaia meibod shall not sbow any leakage. The 
t«t shall be earned out after the r.DiBg, a«i sockets haw been sctwvcd and 
before any prowling coating other than galvanizing ha< been applied. The 
umple sua and accepuncc criteria for presaare lest shall be j, given IS 1239 



24 



ISNa 

a) 



V) IS 73:; : 1983 



vi) IS M31 : 
19M 



ii) IS 8794 ; 
I9M 



Typ*aff1ttl>«wSptd>l« 

(3L 

Twig elbows ind 

!w«p IKV lule. equal 

Soctll imjoiu 

Pipe umoiH 

tJnioi iKnds 
HejtigoB. busbn 
Nipple, iMMgoa. eqiui 

B*iid». 30° lo W 

Tee* 

Scour lea 

Reducer 

SunJir^l (liages 



Tabfc 1 ( Continue ) 



Bcndt 

»> 90° 

h) 4J0 

c) 22'/° 
J) 11V,° 
Plain end ptu^ 
Plain end 
rtduceis 
Crosui 
Plain ended 
naoged jpigoi 
Plain ended rees 
Plain ended wye» 



Flangtj 
Collan 



Ru(*afSln(Ngai 
ammtun CiHtnd. a 



(5) 



JOO ro 1 SOO 
;00 lo 1 (too 

Dimcibiiona 

M per IS 1916 : 1989 

- Jo- 

:00 to 1 800 



SOi 


O6O0 


30 to 400 


30 1 


o600 


80! 


600 


too 


xSOu 


600 


»500 


SOi, 


J Wl) 


SOk 


)600 


30 tt 


.600 


SO 10 600 



30(0 600 
30 to 600 



Toltnmoa <m Slni Md 



a) Aim leagth 


: -10 tnm 


b) AiiD kni^li 


: 10 ram 


(specified) 




c) Inteniil diaaieter 




i) 300 mm lui under 


t 3 mm 


ii) over 300 ram 


: 6 tnra or 




t r.'.'i) 




whicbevcr 


<i) Annular deviaiion 


: 1" 



a) Thicknesi 

i) wall thickness - (2.0 mm ♦ O.Oie I 
iil Flange iticluieu t (3.00 * 0.056 ) 
where e is nominal thiclciwsiot the wail io mm an4 
b is It* nominal iWcknessof ihellaogc In mm. There 
is no limil for plus tolerances 

bl Oiber dimensions : 



i) Machined t 1.5 

outside <tia _ 1.0 

ii) LengtB A. iKigiii t !5 

- 10 

c) Mbs: 

i) lor bends and titling wiih more ilud on 

branch t 12 percent 
ii) other (itbngs i 8 perc^ni - 

a) Wall (bicimes* of collan 
- {1 *■ O.OJ ( ) 

No limit for plus loletance 

b) Cored holes and other dimensions tn mm 
t 2.0 for DM up Io JOO mm 

I 2 J Tor DN ibove 330 ram 

c) Drilled holes t 1.5 mm 

Where r u nominal thickness is mm and DiV 
nonuiul dJameter of pipe in mm. 



Raw .MjUilaL .VUaaladan 
Cwpoiklas, WoriuaauUp, tU 



SP57{QAWSM): 1993 



HtdnHUlJe Test 



Delaiii of the malenal iic given iji ihe slanjanl. These pipes are 
Jesigned SUCH thai the majiiinum letiule .iresi ,n the matofrtment 
under the specified hydrosiaijc test pressure does nol exceed 200 M Pi 
12000 kgicai-i assuti tng that no leosioa ii taken up bv ibe c 
The minimum thieknes* of plaie for sieel shall be as under ; 



Somuutt IrUdrnai Ma 

of FintsimJ 


ofPluli 


ram 


ram 


200 to 500 


,, 


600 to 900 
1 000 to 1 100 
1 200 10 1 500 
1 600 10 1 800 


5.0 
6.0 
3.0 
10.0 



The standard gives details of manufaetiin of steel core. rrinforcemeBI 
cage, concieung and cunag. rbe specials shall he free from cracks. The 
ends shall be square with their longitudinal axis ai thai point, so that 
■ when acfually placed in site trench, no opening between ends in contact 
shall eseeed 3 mm in specials tip to 600 mm diameter and 6 ram la 
specials larger than 600 mm diameter. The inside and outside surface 
shall be smooth, dense and hard and shall aoc be coated with cemeni 
wash or other prepinuons unless oiberwist agreed to between pur- 
chaser and manufacturer. These shall be free from local dents or bulges 
greater than JOO mm in depth and extending over a length in any 
direciion greater than twice the thickness of the barrel. 

The unlined special shall be tested bv dye peaetn 
with IS 3«58 : 1981 or other approved means 

Same as for IS 1 538 ( Pan 1 to 24) 



in accordance 



The specials shall he tested lor hydraulic 
IS 1592 : 1989. 



13 siven It SI. No. Ii) ol this l-ibli: 



The I'lelal used for the manufachire of joints shall he of requisite quality 
conlorming to any grade of !S 210 : 1973. 

The details of the coating have been given in the standard. 



Hydnjitalic lestl shall be earned out lor collars only. For this collan shall 
be l«p( under pressure tor 15 seconds, minimum^ It tnav he struck moder- 
ately with a 700 g hammer. It should wiibsiand the prewure test without 
showing any leakage or sweating and other defeos ol anv kind. This test 
as far as possible thall be conducted before coating the cullars. The collars 
shall withstand the hydrostatic test pressure specified for aibcslos pipes in 
IS 1592 1989 for the class of pipe with which they are lo be u.«d 



SP5*(QAWSM):1W3, 



Table 1 ( Continued ) 



ii) IS dooe 

(Pm 1 to 7) : 



(3> 



Rutf<fSlB*(N«tua 



Siddlc PieoD 



Femilt 
feduccn 



(kg J 



Mm 






(St 



110 

32x63 

63x73 

63x40 

73x90 

»x 110 

110 X 160 

160x223 

32x63 
90x63 
110 x«3 
160x63 
223x63 



I) CoiHl )wlc« ud oibcr diaKoioa 

b> Drilled bold z 1.5 mm 
c} Mass iexciudiog Tubfacr gasiul sad bo^lsi 
— J pf rctm 

NOTE — No limii t« pint lottnax. 

Laying kngib iDd loltniKa 
23 t 1 mm 
30: 1 mm 
37J ± 1 mm 

43 - 2 mm 
30 : 2 mm 
38 J • 2 mm 

44 : 2 mm 
9S.3 r 2 mm 
122J ^ 3 mm 

33 : I mm 
■W >2 mm 

30ii mm 
60 • 2 mm 
70: 2 mm 
SO: 2 mm 
« • 2 mm 
110: 2 mn 
140 : 2 mm 

^:2>mn 
70: 2 mm 
S0:2 mm 
go : 2 mm 
100 X 2-1 mm 
140 :3 mm 
200 : 3J mm 

48 : 2 mm 

74.3 : 2 mm 
S4 4 : 2 mm 
<niJ I 2 mm 
102.S : 2J mm 



Sum u fof IS 1338 (Pin 1 to 24) : N7« |i«« Ji S. No. (i). 



TIku riitiogi in midc by injeciioa moulding tram Virgin polycihy>cK 
in whicti cartwfl bl*clt (2J : 0.5 prrcmi by mus) ami a suiubl* 
tcuiic jDU-oXMlul il evenly ilispenrd. Tkt sUDdjrd illowi 10 percent 
q( the maaufactufcr's own rework naieriaL Mcll Oow in^x ti specified 

as 0.4. 



.1 ban noi been piccnbed. 



liyUrauljc icsl IS condiMTled in ihe nitiflgs in a umilai mclbod as cundurlcd 
OB HOPE pipes lor inlernal preMUrt creep raplure Kit (iven in LS 4SW4 
1VS7, 



The liltiiiipi are also te&ted for n 

in IS 4>M«4 : 1V»7 and dimeicuons shall n 

in Ibe longiludinal direction. 



^ prea^-nbed !■ 
an«e by iiiore 



r IIUI'J: pipes 
ban J perirrni 



X) !SS3«0(Panl 
» 3) : 1977 



Hi) IS 7S34 (Pin 1 
»«): 1977 



SandwKli 
flanges 



SocktU 

dJOQUow. 

W Elbows 

90° Tees 

43* Tees 

Unioos 

Cap. 



16 to 313 
16 10 313 

16 10 313 

16 lo 313 

16 » 160 
16 10 63 

16 10 313 



16 : 1.3 min lo 
30 : 1,3 mm 
(for other deiaiis see siaadanl Pin vi) 

20 : 1.3 » 23 i t J mm 
(for other deiials see uaadsnl ?in vii) 

Laying length and loleniias nages from 
30 : 2 B 730 i 10 mm 

Laying length asd toknnca nnga from 100 > 3 ic 
iSl : 12 mn 

a) Out of rouadncastolenBoe of socket inside dilii 
OOOt? D in mm or a: mm. whichever is more 
when D is dilnxler in mm 



i) The niuingm aad minimum dioKiisioa of man 
diameicr ii mad-poini of jockei depth shall com- 
ply with Table 1 of IS 7834 <Part 1) ; 1987 

c) For totennoes on other dimeasioa* for fitting. 
j« respective pans of IS 7S34. 



^The milerial i; 

I9S7). 



e as specified in LDPE pipe sundard (!S 49*4 : 



Fittings are made of PVC lo which may be added oalv those additives 
that are oc«M to faciliiite the mnuficnire of sound pipe of good 
nificc fimsh: mechuical stiengtl and opacity. 

Th. nttinp an tested foi siresi nhef usu. opacity aod erfect on water. 



The nctings are subject lo a hydraudc proof lest of iw,« ihe iKommemled 
working pressure at ambient lempcraluris for a period of one hoor. The fillinp 
shall not show any sign at locaiiied swelling, jcakage or weeping and shall not 
burst during (he test 

Fittings are lesl^ for short term hydraulic lest and shall wilhsUBd a prosure 
of 4.2 nmes the working pressure lor one hour w.lhoul fldure. 



Tnbte I (CoHOtmed) 



SP57(QA\VSM): 1993 



Tjf 1 nu^tuSftdmk 






iii) IS 1012* 

{Pin 1 to 13) : 
1988 



ill) tS im2 : 1984 



SacUa 

Sinight 

Opt 

EqaaJ lea 
Fluged ui) iHecci 
wiih dMuilic Quigcs 
Thmuied utifHon 

W beads 
'Unbend* 
30° be Bill 
12','," beadi 
tlV|°h«i<ta 

FciTulel 



S30ia360 
63IO630 
63 IO630 



63 to 630 
A3 to 630 



63 10*30 
63 10*30 



(kgJ 



Totanca <■ SUM 1^ 



1) Oui aC niBdaos af sockei insiile itii for tU 
finiDgs ia ume a givcB ai SL No. u) 

b) The nuxmam and miiunuiB dimenikni of meu 
diineicr at D»d-poiu ot socluri liepiJk &hajl com- 
ply wiib cboM gives lo IS 10124 (Fin 1) : !9gS 

c) Far lolenaoei on oUwr dioMuioH for riiiugs. 
It* iHfKctive piTU of IS 10124 



Refer lo IS »« : 1989 



Saw .Vburial, MaaaCKtm 

CMtiiaHIni, WartaawUp, •« 



m 



TU naienil o( nusufacnirc sball coolonn B lie malenal glWB for 
UPVC pipe* ( iS 49S5 : i988i Tea for op»n ly baa also bees pnxnbti 
wbicb coaforma lo Ibe leal gives (or UPVC pipes (ES 4482 : 1985). 



Method of bvdfiulic leal ii same » i^jecified for lajeciiog moulded PVC 
nningi ai S, No. «) of ibis uolt. 



Oul of rouiutoess loleresces oi socket i a^i<. 
sJull rwl ipply U rjiungs of aonuiul pre:, 
a;^ MPa iclasa 1), U.4 MPa idau 2) in 
iclasii) 



a, la 13. 20. 23. 32. 40 aad 30 mm. Notni- 
sal lize s( ftmil* ihall be deaigailed by 
ItoDisal bore of islet cosqectios- 



Maienal for differetM pans of ferrule aiiail be aa gives ia Table 1 of 
IS 2692 : 1989. 

Mdmif'KtMr^ WorkmoKihip 

All castiaga shall be aouid, free from Upa. blow holea asd pillia^ and 
both the eileisal asd islctui liufltta thill be deaa, loooth asd fm 
froiB sud. They ihaU be aeaily dresaed and bo cauitig iball be burnt. 
p<ugS«)- supped or pa«:hed. 

Bodies, plugs siid other pans shall be inly tDachioed so that wh» 
aisembkd ihc pans shall be ajdal. parallel aod cylisdtnal ufiili sur- 
faces smooihly Gsished. 



Every lemile, complete with its componeni pans, 
shall wiihataod a hydraulic pressure oi at Ifjsi I.J 
MPa. applied for 2 siiBUtes ind during this pcnod it 
fhall neiiber leak oor sweat. 



NOTE — No iBdias Stisdird ensis for low dcBsiiy E^lyeihylcBe (LDPE) pipe SniBgi. Hovnvcf, for LXiPE pipe joiatf. 
th< deliils of joiuiag tedtaiqiKs are given in IS 7634 (Pin 2) : 1973. 



As in the Original Standard, this Page is Intentionally Left Blank 



Table 2 Salient Features of Valves 

{Clause 2) 



SI 

No. 

(1) 



IS No., TiUe 

(2) 



ClassiGcatioii/ 
Designation 

(3) 



Types 

(4) 



Nominal Sizes (mm) 

(5) 



HydrosUtic Test Pressure 
and Duration 

(6) 



Ronarks 

(7) 



IS 778 : 1984 Specification 
for copper alloy gate globe 
and chedc valves for water 
works purposes 



a) Class 1 Valves — Suitable 
for non-shock cold work- 
ing pressure upto 1.0 MPa 
(cold service means a tem- 
perature not exceeding 
A5°C) 

b) Class 2 Valves — Suitable 
for non-shock cold work- 
ing pressure upto 1.6 MPa. 



»4 



a) Gate valve (having 
inside screw with ris- 
ing or non-rising 
stem or outside screw 
with rising stem) 
shall be of following 
types : 

i) Solid wedge type 
ii) Split wedge type 
iii) Double disc type 

b) Globe valves (having 
rising stem with in- 
side or outside screw) 
shall be of following 
types : 

i) Straight type, and 

ii) Right angle type 

c) Check valves 

i) Swing type (for 
use with the axis 
of the body end 
ports horizontal or 
vertical) 

ii) Lift type with disc 
or ball check (for 
use with the axis 
of the body end 
ports horizontal or 
vertical or in ap- 
plications where 
the axis of the 
body end ports are 
at right angles). 



a) Screwed end valves — 

«(T)'i«(|-).i^(y)- 

20(f), 25(1), 32(1^), 

40(l|),50(2),65 (2j), 

80(3), and 100 (4) 

The nominal sizes in pa- 
renthesis are sizes accord- 
ing to IS 554 : "1985. 

b) Flanged valves — 15, 20, 
25, 32, 40, 50, 65, 80 and 
100 mm. 



Class of 
valve 



Class 1 



Class 2 



Test 


Test 


Test 




Pressure 


Dura- 




Min 


tion 




(MPa) 


Min 
(minutes) 


Body test 


1.5 


2 


Seat test 


1.0 


2 


Body test 


2.4 


2 


Seat test 


1.6 


2 



NOTE — In back seat test (applicable to gate 
and globe only) test pressure shall be same as 
that for seat test. 



Swing check valves may 
also be used in vertical 
direction when the flow 
is in upward direction. 



o 

> 

2 



so 



Table 2 ( Continued ) 



o 



SI 




No. 


IS No., Title 


(1) 


(2) 



Classfficatioii/ 
Destgnatioii 

(3) 



Types 

(4) 



NmsiHal Sizes (mm) 

(5) 



Hydrostatic Test Pressure 
and Duration 



(6) 



Remarks 

(7) 



ii) IS 780 : 1984 Specification 
for sluice valves for water 
works purposes (50 to 300 
mm sizes) 



tit) IS 781 : 1984 Specification 
for cast copper alloy screw 
down bib taps and stop valves 
for water services 



iv) IS 1711 : 1984 Specification 
for self closing taps for water 
supply purposes 

v) IS 2906 : 1984 Specification 
for sluice valves for water 
works purposes (350 to 1200 
mm size) 



PN 1 and PN 1.6 where PN is 
the nominal pressure — Maxi- 
mum permissible gauge work- 
ing pressure in MPa 



Suitable for cold non-shock 
working pressure upto 1.0 MPa 
(cold service condition means a 
temperature not exceeding 
45^). 



I>esignated by nominal pressure 
PN (see SI. No. 2, Col 3) for the 
sizes indicated below. 



Nominal 


Nominal 


Pressure 


Size 


MPa 


mm 


PN0.4 


700 to 1200 


PN0.6 


350 to 1200 


PNl.O 


350 to 1200 


PN1.6 


350 to 600 



Non-rising stem type 50, 60, 80, 100, 125, 150, 200, PN Rating Test 



Test 



Test 



Self closing taps may be 
with or without stuffing 
box. 

Non-rising stem type 



250 and 300 mm. 
These sizes refer to the nomi- 
nal bore of the water way. The 
actual bore at any point shall 
not be less than the nominal 
sizes. 



Bib taps - 8, 10, 15, 20 and 
25 mm Stop Valves - 8, 10, 15, 
20, 25, 32, 40 and 50 mm. 

These nominal sizes are the 
nominal bores of socket or {»pe 
outlet to which the tap or valve 
is normally fitted. 

15 mm and 20 mm where 
nominal size refers to nominal 
bore of inlet connection. 



of Valve 



PNl 



PN1.6 



Pressure Duration 





(Gauge) 

Min 

(MPa) 


Min 
(minutes) 


Body test 
Seat test 


1.5 
1.0 


5 
2 


Body test 
Seat test 


2.4 
1.6 


5 
2 



C/3 

m 

O 

> 

2 






When tested complete with its components Inter- 
nal hydraulic pressure — 2 MPa, Min 

Test duration — 2 minutes, Min 



Tested in assembled condition with its compo- 
nents with internally applied hydraulic pressure 
of 2 MPa Min for a duration of 2 minutes, Min. 



Bib taps shall have 
screwed male ends. Stop 
valves shall have 
screwed female ends or 
male ends or mixed ends. 



350, 400, 450, 500, 600, 700, PN 
750, 800, 900, 1000, 1 100 and Rating 
1200 

(see SI No. 2, Col 5 for defini- 
tion of nominal size) 

PN0.4 



PN0.6 



PNl.O 



PN1.6 



Test 


Test 


Test 




Pressure 


Duration 




Min 


Min 




(MPa) 


(minutes) 


Body test 


0.6 


5 


Seat test 


0.4 


2 


Body test 


0.9 


5 


Seat test 


0.6 " 


2 


Body test 


1.5 


5 


Seat test 


1.0 


2 


Body test 


2.4 


5 


Seat test 


1.6 


2 



Table 2 ( Continued ) 



SI 




No. 


IS No., Title 


(1) 


(2) 



Classification/ 
Designation 

(3) 



Types 

(4) 



Nominal Sizes (mm) 

(5) 



HydrosUtic Test Pressure 
and Duration 

(6) 



Remarks 

(7) 



vi) IS 3042 : 1965 Specification 
for single faced sluice gates 
(200 to 1200 mm sizes) 



vii) IS 5312 (Part 1) : 1984 Speci- 
fication for swing check type 
reflxix (non-return) valves for 
water works purposes, Part 1 
Single door pattern 



viii) IS 5312 (Part 2) : 1986 Speci- 
fication for swing check type 
reflux (non-return) valves for 
water works purposes Part 2 
Multi-door Pattern 



ix) IS 9338 : 1984 Specification 
for cast iron screw-down stop 
valves and stop and check 
valves for water works pur- 
poses 



Class 1 — Suitable for a maxi- 
mum seating unbalanced head 
of 6 m of water. 

Class 2 — Suitable for a maxi- 
mum seating unbalanced head 
of 15 m of water 

Designated by nominal pres- 
sure, PN (Maximum permis- 
sible working pressure in MPa). 
The nominal pressure for vari- 
ous sizes shall be : 



Rising or Non-rising 
spindle type 



Size of 
Valve, mm 

50 to 125 
150 to 300 
350 to 600 



Nominal 
Pressure, MPa 

1.6 
1.0 
0.6 



Designated by nominal pres- 
sure, PN (Maximum permis- 
sible gauge working pressure in 
MPa). It shall have the follow- 
ing rating : 
PN 0.6, PN 1. 



Designated by nominal pres- 
sure, PN (Maximum permis- 
sible gauge working pressure in 
MPa) for the sizes indicated as 
follows : 



Nominal 

Pressure 

MPa 

l.C 

a.6 



Nominal 

Size 

mm 

200 to 300 

upto and 

including 150 



Flanged type 



Flanged type 



a) Globe stop valve 

b) Angle stop valve 

c) Oblique stop valve 

d) Globe stop and check 
valve, and 

e) Angle stop and check 
valve 

All flanged. 



Shape 
Circular 
Square 
Rectan- 
gular 



Size 
200 to 1200 mm 
200 to 1200 mm 
300x375 

to 
1200 X 1050 



50, 65, 80, 100, 125, 150, 200, 
250, 300, 350, 400, 450, 500 
and 600 mm 

(see SI No. 2 Col. 5 for defini- 
tion of nominal size) 



400, 450, 500, 600, 700, 750, 
800, 900, 1000 and 1200 mm. 
The nominal size is the nomi- 
nal bore of water way. 



15, 20, 25, 32, 40, 50, 65, 80, 
100, 125, 150, 200, 250 and 
300 mm (see SI No. 2 Col. 5 
for definition of nominal size) 



PN 
Rating 



PN 1.6 



PN 1.0 



PN0.6 



PN 
Rating 



PN0.6 



PNl 



PN 
Rating 



PN1.6 



PNl.O 



Test 



Body test 
Seat test 

Body test 
Seat test 

Body test 
Seat test 



Test Test 

Pre^ure Duration 

(Gauge) (minutes) 
(MPa) 



2.4 
1.6 

1.5 
1.0 

0.9 
0.6 



Test Test Test 

Pressure Duration 
(Gauge) Min 
Mitt (MPa) (minutes) 



Body test 
Seat test 

Body test 
Seat test 



0.9 
0.6 

1.5 
1.0 



Test Test Test 

Pressure Duration 
(Gauge) Min 
Min (MPa) (minutes) 



Body test 2.4 

Seat test 1.6 
Back Seat test 

(where specified) 2.4 

Body test 1.5 

Seat test 1.0 
Back Seat test 

(where specified) 1.5 



s 

> 

2: 






Table 2 (Concluded) 



SI 




No. 


IS No., TItie 


(1) 


(2) 



ClassificatioK/ 
Designation 

(3) 



Typ« 

(4) 






x) IS 9739 : 1981 Specification 
for pressure reducing valves 
for domestic water supply 
purposes 



xi) IS 9763 : 1981 Specification 
for plastic bib taps and stop 
valves (rising spindle) for 
cold water purposes 



xii) IS 13114 : 1991 Forged brass 
gate, globe and check valves 
for water works purposes - 
Specification 



Self contained, direct acting, single 
seat, diaphram type 



a) Gate valves — Shall be of inside 
screw type, having screwed-in 
bonnet with non-rising stem, inte- 
gral seats and solid wedge type in 
which the gate ^hall be one piece 
and solid except for the hole to 
accommodate the stem. 

b) Globe valves — shall be of inside 
screw type having strewed-in bon- 
net with rising stem and straight 
type, having integral seat in the 
body. 

c) Check valve — Shall be of one of 
the following types having 
screwed-in covers and integral 
seats in the body : 

i) Swing type — For use with the 
axis of the body end ports, hori- 
zontal or vertical (swing check 
valves can only be used in ver- 
tical lines when the flow is in 
upward direction) 

ii) Uft type - With disc or ball 
check having any of the follow- 
ing body designs with sa-ewed- 
in covers and integral seat : 

— Straight (or horizontal) 

— Vertical 



Nominal Sizes (mm) 

(5) 



Hydrostatic Test Pressure 
and Duration 

(6) 



15 mm (1/2), 20 mm (3/4), 25 
mm (1), 32 mm ( ij ), 
40 mm ( li), and 50 mm (2). 
The figures given in brackets 
refer to sizes and designa- 
tions of threaded end as per 
IS 554 : 1975. 

15 mm (1/2) and 20 mm (3/4) 
The sizes within brackets re- 
fer to the size and designation 
of the threaded ends as per 
IS 2643 (Part 1) : 1975. (see 
SI No. 3, Col. 5 for definition 
of nominal size). 

8(1/4), 10(3/8), 15(1/2), 
20(3/4Y 25(1), 32 (i^ ) , 
40(1-^), and 50(2) mm 

The nominal sizes i^hown in 
parenthesis refer to the size of 
screw threads according to 
IS 554 : 1985 



When subjected to hydrostatic pressure of 1.7225 
MPa at its inlet and an equal back pressure on 
reduced pressure side, there ^hall be no leakage 
or distortion of parts that will affect performance 
of valves. 



Tested complete with its components under an 
internal hydraulic pressure of 2MPa for a dura- 
tion of 5 minutes, Min. 



All valves shall be tested for body, seat and back 
seat tests as given below : 

1) The hydrastatic test pressure shall be de- 
termined from the following relationships : 

a) Shell Test — 1.5 x maximum working 
pressure of 2 MPa 

b) Seat and Back seat Test — 1.1 x maxi- 
mum working pressure of 2 MPa. 

Seats of check valves shall also be tested to 
one fourth of maximum working pressure of 
2 MPa. 

2) T^t duration for shell, seat and back seat 
tests — 15 seconds. 



Remarks 

(7) 



SP 57 (OAWSM) : 1993 
CHAPTER 5 INSTALLATION OF PIPE-LINE 



1 GENERAL 

Laying of pipe-lines are generally governed by the 
regulations laid down by the local authorities. Au- 
thority may be an individual, an official, a board, a 
department or an agency established and authorised 
by the Union or State Government or any statutory 
body created by law, which undertakes to administer 
and enforce the regulations. These regulations are in- 
tended to ensure proper laying of pipes, giving due 
consideration to safety of surroundings and workers 
engaged in pipe laying. 

The pipes have to be properly handled, bedded and 
back-filled to fulfill the desired design and service 
requirements. Even a good pipe manufactured as per 
the specification may be damaged by improper han- 
dling or bedding or back-^Uing. As various factors, 
such as the size of the pipe and nature of soil and 
surroundings influence pipe laying, it is not possible 
to lay down any rigid rules. Each case will have to 
be dealt with in different ways. Hence the procc- 
duses given here may be taken as guidelines only. 
Common procedure for trenching and back-filling for 
all types of pipes is given in 2.3.2 and 24. Any 
change in the procedure or special precautions 
with respect to each type of pipe are discussed sepa- 
rately. 

2 PROCEDURES COMMON FOR ALL 
VARIETIES OF PIPES 

SELECTION OF ROUTE 

2.1 General 

The selection of a suitable route for a pipe-line has 
an important bearing on the capital cost and oper- 
ating costs. A pipe-line route is selected from to- 
pographical and cadastral plans, on-site inspections, 
and any other data avilable on the terrain, obstacles 
and local services. In selecting a route the costs and 
practicability have to be considered. Care should be 
taken to ensure that the ground profile is below the 
hydraulic grade line. (Low flow conditions should be 
considered as well as peak rates, as the hydraulic 
gradient is flattest for low flows). If there were a 
peak above the ground line between the input and 
discbarge heads, obviously pumps would have to be 
designed to pump over this peak. Peaks may also be 
points of possible water column seperation which 
result in water hammer pressures. On (he other 
hand the general level of the pipe-line route should 
be kept as near to the hydraulic grade line as 
pos^ibk to minimize pressures and consequently pipe 
costs. 



The pipe-line should be laid along the stnightest 
route possible. Road crossings should be done at a 
right angle to the road whenever possible. 

2.1.1 For cross country terrain before carrying out 
final field survey, the pipe alignment shall be 
marked on Survey of India maps or cadastral plans 
whichever is available and reconnaisance should be 
undertaken along the pipe route selected. Any 
change called for should be made before the final 
survey is undertaken. 

2.1.2 Final Field Survey Plans 

Field surveys for strip width representing about 
500m along the proposed alignments should be 
carried out. Any vertical section or profile along the 
pipe-line route should be shown to a scale appropri- 
ate to the variations in ground elevation. Special 
crossings which require permission from authority 
should be detailed on separate drawings and cross 
referenced to the appropriate strip plan; the scale 
should be between 1 : 100 and 1 : 125 depending on 
the complexity of the work. In built up areas, con- 
sideration should be given to the use of plans of 
1 : 1250 scale. In urban areas, trail trenches at suit- 
able intervals will be necessary to k>cate the utilities 
which may affect the laying of pipes. 

2.2 Clearing the Site 

Preliminary work required to be done before pipe 
laying is started, includes pegging out, clearing and 
disposal of all shrub, grass, large and small bushes, 
trees, hedges, fences, gates, portions of old masonary 
and debris from the route. 

Where trees have been felled, the resulting. timber 
shall be stacked properly and disposed off as directed 
by the authority. Tree roots within a distance of about 
half metre from the side of the pipe-line shall be re- 
moved or killed. 

All other serviceable materials, such as wood work, 
bricks and masonry, recovered during the operation 
of clearing the site shall be separately stacked and dis- 
posed off as directed by the authority. 

2.3 Formation 

Before pipe-line is laid, proper formation shall be 
prepared. For undeiground pq)e-Iine, suitable trenches 
should be excavated, pipe-line above ground may be 
laid in cutting or on enhinkments or be supported by 
pillars as the case may be. 
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2.3.1 Excavation and Preparation of Trenches for 
Laying underground Pipe-line 

The trench shall be so dug that the pipe may be laid 
to the required alignment and at required depth. 
When the pipe-line is under a roadway, a minimum 
cover as given in Table 1 is recommended, but it 
may be modified to suit local conditions by taking 
necessary precautions. In tropics an earth cover of 
at least 0.8 m should be provided in order to 
protect pipes against great variation of temperature, 
root growth into flexible joints and against falling 
trees. When pipes are laid with more than 1.5 m cover 
a special investigation is called for to ensure that 
the pipes are strong enough to stand the earth 
pressure. If they are not, the remedy is to bed or 
fiilly surround the pipe-line with concrete. The 
trench shall be shored, wherever necessary, and 
kept dry so that the workman may work therein 
safely, and efficiently. The discharge of the trench 
dewatering pumps shall be conveyed either to 
drainage channels or to natural drains, and shall not 
be allowed to be spread in the vicinity of the work- 
site. 

2.3.2 Trenching 

Trenching includes all excavation which is carried 
out by hand or by machine. The width of the 
trench shall be kept to a minimum consistent with the 
working space required. At the bottom between the 
faces, it shall be such as to provide not less than a 
minimum clearance on either side of the pipe in 
accordance with Table 1. E?ch case should, however, 
be considered on its merits, having regard to the 



safety of the trench the method of laying and joint- 
ing the pipe and the need to avoid damage to pipe 
coating. The bottom of the trench shall be properly 
trimmed to permit even bedding of the pipe-line. For 
pipes larger than 1 200 mm diameter in earth and 
murum the curvature of the bottom of the trench 
should match the curvature of the pipe as far as 
possible, subtending an angle of about 120** at the 
centre of the pipe as shown in Fig. 1 A. Where rock 
or boulders are encountered, the trench shall be 
trimmed to a depth of at least 100 mm below the level 
at which the bottom of the barrel of the pipe is to be 
laid and filled to a like depth with lean cement 
concrete or with non-compressible material like sand 
of adequate depth to give the curved seating, as shown 
in Fig. IB and Fig. IC. 

For pipes with diameter less than 1200 mm the bed 
of the trench shall be excavated to the pipe grades 
so that uniform support is assured for the full length 
of the pipe ( see Fig. 2) 

For steel pipes when welding is to be carried out with 
the pipe in the trench, additional excavation of not 
more than 600 mm in depth and 900 mm in length 
should be provided all round the pipe at the position 
of the joints for facilities of welding. 

2.3.3 Special Foundations in Poor Soils 

Where the bottom of the trench at subgrade is 
found to consist of nuterial which is unstable to 
such a degree that, in the opinion qI the authority, 
it cannot be removed and replaced with a^ approv^ 
material thoroughly compacted in place to support 



Table 1 Minimum Cover Below Roadway and Minimum 
Side Clearance for Pipes 

(Clauses2.3.1and23.2) 



SlNo^ 



(I) 



l^pcofPlpc 



(2) 



MtaitmiiBi Cover 
Bdow Roadway 

(3) 



MlutnmiM Clearance 

oa Either Side of 

Pipes 

(4) 



1) 
2) 
3) 
4) 
S) 



Cast iron pipes 1 000 mm 

Ductile iron pipes 900 mm 

Steel pipes 1 200 mm 

Concrete and jnestiessed conctete pipes '> 



Asbestos cement pipes 



6) Plastic pipes 



750 mm (Below footpaths) 

900 mm (Roads with heavy traffic) 

1 250 mm (Roads with very 

heavy traffic) 

1000 mm 



200 mm 
200 mm 
200 mm 
150 mm 

300 mm 
200 mm 



*> Minimam depth of cover not specified as impact foctor can be increased suitaUy while designing the pipe in case depth of cover is less than 
900 mm. 
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1A TRENCH IN EARTH 
OR MURUM 



100 mm 



IB TRENCH IN HARD 
ROCK WITH CEMENT 
CONCRETE BEDDING 

Fig. 1 TRENCfflNG for Pipes 



-too mm 



1C TRENCH IN HARD 

ROCK WITH SAND 

BEDDING 





PIPES RESTING ON HUMPS IN BED 

2 A FAULTY LAYING 



^^^^^mr 



^^m^^ 



PIPES RESTING ON JOINTS OR ON EARTHEN MOUNDS 

2B FAULTY LAYING 




1T 



PIPES RESTING ON MADE UP BED 
FOR EVEN BEDDING OF PIPES 

2C CORRECT LAYING 



1 



3 




'-EARTH SCOOPED 
FOR MAKING JOINT 



Fig. 2 Laying of Pipes in Trenches 



the pipe properly, a suitable foundation for the pipe, 
consisting of piling (timber or other materials) in 
accordance with plans prepared by the authority, 
shall be constructed. 

2.3.4 Rock Excavation 

Rock is an unyielding natural foundation material; in- 
cludes igneous material and consolidated or cemented 
sedimentary mineral matter in extensive undisturbed 
beds or strata. 



2.3.5 Blasting 

Blasting for excavation shall be permitted only after 
securing the approval of the authority and only when 
proper precautions are taken for the protection of 
persons and property. The hours of blasting shall be 
fixed by the authority. The procedure of blasting 
shall conform to the requirements of local controlling 
authority (reference nmy also be made to IS 408 : 
1986). 
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2.3.6 Braced and Sheeted Trenches 

Open cut trcncbes shall be sheeted and braced as 
required by any governing state laws and munici- 
pal regulations and as may be necessary to protect 
life, property or the work. When close sheeting is 
required, it shall be so driven as to prevent adjacent 
soil from entering the trench either below or through 
such sheeting. 

The authority shall have the right to order the sheeting 
to be driven to the full depth of the trench or to such 
additional depths as may be required for protection 
of the work. Where the soil in the lower limits of a 
trench has the necessary stability, the authority at its 
discretion may permit stopping of the driving of 
sheeting at some designated elevation above the 
trench bottom. 

2.3.7 Sheeting and bracing which have been ordered 
to be left in place should be removed for a distance 
of 0.9 m below the established street level or the 
existing surface of the street, whichever is lower. 
Trench bracing, except that which should be left in 
place, may be removed when the backfilling has 
reached the respective levels of such bracing. Sheet- 
ing, except that which has been left in place may be 
removed after the backfilling has been completed or 
has been brought up to such an elevation as to permit 
its safe removal. Sheeting and bracing may be re- 
moved before filling the trench, but only in such a 
marmer as will ensure adequate protection of the com- 
pleted work and adjacent structures. 

2.3.8 Care of Surface Material for Re-use 

All surface materials which, in the opinion of the 
authority, a e suitable for re-use in restoring the sur- 
face shall be kept separate from the general exca- 
vation m?:erial as directed by the authority. 

2.3.9 Stacking Excavated Material 

All excavated material shall be stacked in such a 
manner that it does not endanger the work and 
avoids obstructing footpaths and roads. Hydrants 
under pressure, surface boxes, fire or other utility 
controls shall be left unobstructed and accessible until 
the work is completed. Gutters shall be kept clear or 
other satsifactory provisions made for street drainage 
and natural water-courses shall not be obstructed. 

2.3.10 Barricades Guards and Safety Provisions 

To protect persons from injury and to avoid damage 
to property, adequate barricades, construction signs, 
torches, red lanterns and guards, as required, shall be 
placed and maintained during the progress of the 



construction work and until it is safe for traffic to use 
the roadway. All materials, piles, equipment and pipes 
which may serve as obstructions to traffic shall be 
enclosed by fences or barricades and shall be pro- 
tected by proper lights when the visibility is poor. 
The rules and regulations of the local authorities 
re^rding safety provisions shall be observed. 

2.3.11 Maintenance of Traffic and Closing Streets 

The work shall be carried in such a manner that it 
causes the least interruption to traffic, and the street 
may be closed in such a maimer that it causes the 
least interruption to the traffic. Where it is neces- 
sary for traffic to cross open trenches, suitable bridges 
shall be provided. 

Suitable signs indicating that a street is closed shall 
be placed and necessary detour signs for the proper 
maintenance of traffic shall be provided. 

2.3.12 Structure Protection 

Temporary support, adequate protection and main- 
tenance of all underground and surface structures, 
drains, sewers and other obstructions encountered in 
the progress of the work shall be furnished under the 
direction of the authority. The structures which may 
have been disturbed shall be restored upon comple* 
tion of the work. 

2.3.13 Protection of Property 

Trees, shrubbery fences, poles and all other property 
shall be protected unless their removal is shown on 
the drawings or authorized by the authority. When 
it is necessary to cut roots and tree branches; such 
cutting shall be done under the supervision and diiectk)n 
of the authority. 

2.3.14 Avoidance of the Existing Service 

As far as possible, the pipe-line shall be laid below 
existing services, such as gas pipes, cables, cable 

ducts and drains but not below sewers, which are 

usually laid at great depth; if it is unavoidable pipe- 
line should be suitably protected. A minimum clear- 
ance of 150 nrni shall be provided between the pipe- 
line and such other services. Where thrust or auger 

boring is used for laying pipe-line across roads, rail- 
ways or other utilities, larger clearance as required 
by the authority shall be provided. Adequate ar- 
rangements shall be made to protect and support the 

other services during laying operations. The pipe- 
line shall be so laid as not to obstruct access to the 
other services for inspection, repair and replace- 
ment. When such utilities are met with during exca- 
vation, the authority concerned shall be intimated and 
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anangemeiLts made to support the utilities in consul- 
tation with them. 

2.4 BackFiUing 

For the purpose of back-filling, the depth of the 
trench shall be considered as divided into the fol- 
lowing three zones from the bottom of the trench to 
its top: 

Zone A From the bottom of the trench to the 
level of the centre line of the pipe, 

Zone B From the level of the centre line of the 
pipe to a level 300 mm above the top 
of the pipe, and 

Zone C From a level 300 mm above the top of 
the pipe to the top of the trench. 

2.4.1 Back-Fill Material 

All back-fill material shall be free from cinders, 
ashes, slag, refuse, rubbish, vegetable or organic ma- 
terial, lumpy or frozen material, boulders, rocks or 
stone or other material which in the opinion of the 
authority, is unsuitable or deleterious. However, 
material containing stones up to 200 mm as their 
greatest dimension may be used in Zone C unless 
specified otherwise herein. 

2.4.1.1 Back-fill sand 

Sand used for back-fill shall be a natural sand com- 
plying with 2.4.1 graded from fine to coarse. The 
total weight of loam and clay in it shall not exceed 
10 percent. All material shall pass through a sieve of 
aperture size2.0 nmi [see IS 2405 (Part 2) : 1980 ] 
and not more than 5 percent shall remain on IS Sieve 
of aperture size, 0.63 mm. 

2.4.1.2 Back-fill gravel 

Gravel used for back-fill shall be natural gravel, 
complying with 2.4.1 and having durable particles 
graded from fine to coarse in a reasonably uniform 
combination with no boulders or stones larger than 
50 mm in size. It shall not contain excessive amount 
of loam and clay and not more than 15 percent shall 
remain on a sieve of aperture size 75 micron. 

2.4.2 Back-Filling in Freezing Weather 

Back-filling shall not be done in freezing weather 
except by permission of the authority, and it shall 
not be made with frozen material. No fill shall be 
made where the material already in the trench is 
frozen. 
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2.4.3 Back-filling in Zone A shall be done by hand 
with sand, fine gravel or other approved material 
placed in layers of 150 mm and compacted by 
tamping. The back-filling material shall be deposited 
in the trench for its full width on each side of the 
pipe, fittings and appurtenances simultaneously. 

2.4.4 Back-filling in Zone B shall be done by hand 
or approved mechanical methods in layers of 150 
nrni, special care being taken to avoid injuring or 
moving the pipe. The type of back-fill material to 
be used and the method of placing and consolidat- 
ing shall be prescribed by the authority to suit indi- 
vidual locations. 

2.4.5 Back-filling in Zone C shall be done by hand 
or approved mechanical niethods. The types of back- 
fill material and method of filling shall be as pre- 
scribed by the authority. 

2.4.6 Back-Fill Under Permanent Pavement 

Where the excavation is made through permanent 
pavements, curbs, paved footpaths, or where such 
stmctures are undercut by the excavation, the entire 
backfill to the subgrade of the structures shall be 
made with sand in accordance with 2.4.1.1. Paved 
footpaths and pavements consisting of broken stone, 
gravel, slag or cinders shall not be considered as 
being of a permanent construction. Method of place- 
ment and consolidating the backfill material shall be 
prescribed by the authority. 

2.4.7 Back-Fill with Excavated Material 

The excavated material may be used for back-fill in 
the following cases, provided it complies with 24.1: 

a) In 21one C, in cases where settlement is un- 
important and when shown on the drawings 
or specified, the back-fill shall be neatly 
rounded over the trench to a sufficient 
height to allow for settlement to the required - 
level. 

b) In any zone when the type of back-fill ma- 
terial is not indicated or specified provided 
that such material consists of loam, clay, sand, 
fine gravel or other materials which are 
suitable for backfilling in the opinion of the 
authority. 

2.4.8 Concrete Slabs Over Pipes 

When pipes are laid under roads and pavements 
subjected to heavy traffic loads, the trenches may be 
covered with reinforced concrete slabs of suitable 
dimensions. 
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2 J Peparation of Formation for Pipe-line Above 
Ground 

Formation should be prepared by cutting high 
grounds and filling in low areas. Care shall be taken 
while fixing the alignment and gradient of the pipe- 
line, to balance the cutting and filling quantities, as 
far as possible, with minimum of load. Care should 
also be taken to ensure that the pipe rests fiilly either 
on cutting or on bank. 

ISA Cutting High Grounds 

Excavation for the formation in cutting should be 
done in such a manner as to obtain sufficient width 
at the bottom to accommodate the pipe-line, its 
supports, a service passage and side drains. The sides 
of the cutting should generally have the following 
slopes: 



b) Hard murum and soft rocks 

c) Hard rock 






a) Earth murum and boulders 



1 : 1 



All excavated material shall be the property of the 
authority and shall be stacked or disposed off as 
directed under 2.3.3 above. Typical sections in cut- 
tings are shown in Fig. 3 and 4. 

2.5.2 Peparation of Embankment 

Material used for embankment shall be spread in 
horizontal layers not more than 300 mm thick. Each 
layer shall be compacted by watering, ramming and 
rolling before the next layer is laid. Mechanical 
compaction is recommended. The compaction 
obtained shall not be less than 90 percent of the 
proctor density [see IS 2720 (Part 7) 1980]. Any 
wash-outs during rains shall be replaced with 
suitable material. The embankment shall be finished 
to the correct dimensions and gradient prescribed by 
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the authority. If banking is to be done on the sloping 
ground or on embankment, it shall be cut in steps of 
not less than 300 nmi deep and 450 mm wide to give 
a proper bond. Side slopes of the embankment shall 
be steeper than 1 horizontal to 1 vertical. 

T^ie slopes of embankment should be protected by 
pitching or any other method, if so required by the 
authority. 

2.5.3 Width of Embankment 

The width of the embankment at top shall be such 
as to accommodate the pipe-line and the service pas- 
sage. Typical section of the bank is shown in Fig. 5. 

2.5.4 Materials for Embankment 

Materials used for embankment shall be such that it 
does not harm the pipe-line. It shall not swell when 
moisture laden or shrink and crack when dry and 
shall have self-draining properties. Mud, clay, slush 
and decaying vegetable matter shall not be used. 
The material shall also be free from cinders, ashes, 
refuse, rubbish, organic material, frozen material or 
material which in the opinion of the authority is 
unsuitable or deleterious. All lumps and clods shall 
be broken to allow uniform subsidence of the earth 
work throughout the embankment. 

2.5.5 Stability of Embankment 

Emabnakment shall rest on good foundation which 
shall be capable of taking load of the earth fill, the 
pipe-line, service road, etc. When embankment is laid 
on soft ground, such as marshy clay or marine clay, 
such soft foundation shall be stabilized by providing 
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sand piles or rubble piles. In the alternative, RCC or 
wooden piles should be driven to transfer load to 
harder substrata. 



2.6 Road, Rail and River Crossing 

The mode of laying the pipe-line crossing road, rail- 
way or a river shall be determined so as to satisfy the 
requirements of the authority concerned. 

Wheie the pipes run beneath tram tracks or are located 
in areas where similar vibratory effects are likely, 
care should be taken to avoid any direct transmission 
of the vibrations to the pipes itself. Ample cover with 
soft well-packed Hlling is essential. 

2.7 Conditions Unsuitable for Laying of Pipe 

No pipe shall be laid in or when, in the opinion of 
the authority, trench conditions are unsuitable. 

2.8^ qasing Pipes 

When the pipes run beneath the heavy loads, suitable 
size of casing pipes/culverts may be provided to 
protect the carrier pipe. 

2.9 Clearance 

When crossing existing pipe-lines or other struc- 
tures, alignment and grade shall be adjusted as 
necessary, with the approval ofthe authority to pro- 
vide clearance as required by state or local regula- 
tions or as deemed necessary by authority to 
prevent future damage or contamination of either 
structure. 




Fig 5 Section in Embankment 
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2.10 Appurtenances 

The spacing of the isolating sluice valves along a 
pipe-line depends upon the type of terrain through 
which the pipe-line passes and the operational 
flexibility required. Valves may be positioned as 
follows : 

a) At the beginning and at the end of the pipe- 
line; 

b) To facilitate hydraulic testing of sections or 
the pipe-line; 

c) For long pipe-lines, isolating valves should 
be provided at intervals not exceeding 6 km; 
and 

d) On either side of a major crossing. 

Valves may be located either above ground or below 
ground, but should be easily accessible. 

2.10.1 Control valves should be provided on all 
branches. Similarly, air valves at all humps and scour 
valves at all dips are necessary. For inspection 
purposes, man-holes may be provided on either side 
of isolating valve and at other suitable places, 

2.10.2 Protective devices, such as relief valves, surge 
or break pressure stations, may be provided to ensure 
that the internal pressure at any point in the pipe-line 
does not exceed the design pressure. 

2.10.3 Pressure indicating and flow recording in- 
struments and burst alarms should also be provided 
at suitable places. 

2.11 Removal, Restoration and Maintenance of 
Paved Footpaths, After Laying of Pipe 

2.11.1 Allowable Removal of Pavement 

Pavement and road surfaces may be removed as a 
part of the trench excavation, and the amount re- 
moved shall depend upon the width of trench speci- 
fied for the installation of the pipe and the width and 
length of the pavement area required to be re- 
moved for the installation of gate valves, specials, 
man-holes or other structures. The width of pavement 
removed along the normal trench for the installation 
of the pipe shall not exceed the width of the trench 
specified by more than 150 mm on each side of the 
trench. The width and lengths of the area of pave- 
ment removed for the installation of gate valve, 
specials, man-holes or other structures shall not 
exceed the maximum linear dimensions of such 



structures by more than 150 mm on each side. 
Wherever, in the opinion of the authority, existing 
conditions make it necessary or advisable to remove 
additional pavement, it shall be removed as directed 
by the authority. 

2.11.2 Replacement of Pavements and Structures 

All pavements, paved foothpaths, curbing, gutters, 
shrubbery, fences, poles, sods or other property and 
surface structures removed or disturbed as a part of 
the work shall be restored to a condition equal to that 
before the work began, furnishing all labour and ma- 
terials incidental thereto. In restoring the pavement, 
sound granite blocks, sound brick or asphalt paving 
blocks may be re-used. No permanent pavement shall 
be restored unless and until, in the opinion of the 
authority, the condition of the backfill is such as to 
properly support the pavement. 

2.113 Cleaning-up 

All surplus water main materials and all tools and 
temporary structures shall be removed from the site 
as directed by the authority. All dirt, rubbish and 
excess earth from the excavation shall be hauled to 
a dump and the construction site left clean to the 
satisfaction of the authority. 

3 LAYING AND JOINTING OF CAST IRON 
PIPE 

3.1 Lowering of pipes and fittings 

Proper implements, tools and facilities satisfactory to 
the Authority shall be provided and used for the 
safe and convenient execution of the work. All 
pipes, fittings, valves and hydrants shall be carefully 
lowered into the trench, piece by piece, by means 
of a derrick, ropes or other suitable tools or equip- 
ment, in such a manner as to prevent damage to pipe 
materials and protective coatings and linings. Under 
no circumstances shall pipe materials be dropped 
or dumped into the trench. Pipes over 300 mm di- 
ameter shall be handled and lowered into trenches 
with the help of chain pulley blocks. Tripod supports 
used for this purpose shall be regularly checked to 
prevent all risks of accidents. 

3.2 Cleaning Pipes and Fittings 

All lumps, blisters and excess coating material shall 
be removed from the socket and spigot end of each 
pipe and the outside of the spigot and the inside of 
the socket shall be wire-brushed and wiped clean and 
dry and free from oil and grease before the pipe is 
laid. 
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3.3 Laying Pipe 

Every precaution shall be taken to prevent foreign 
material from entering the pipe while it is being 
placed in the line. If the pipe-laying team cannot put 
the pipe into the trench and in place without getting 
earth into it, the authority may require that before 
lowering the pipe into the trench, a heavy, tightly 
woven canvas bag of suitable size shall be placed over 
each end and left there until the connection is to be 
made to the adjacent pipe. During laying operations, 
no debris, tools, clothing or other materials shall be 
phiced in the pipe. 

After placing a length of pipe in the trench, the 
spigot end shall be centered in the socket and the pipe 
forced home and aligned to gradient. The pipe shall 
be secured in place with approved backfill material 
tamped on either side except at the socket. Pipe and 
fittings which do not allow a sufGcient and uniform 
space for joints shall be removed and replaced with 
pipe and fittings of proper dimensions to ensure such 
uniform space. Precautions shall be taken to prevent 
dirt from entering the joint space. At times when pipe 
laying is not in pro^ss, the open ends of pipe shall 
be closed by a watertight plug or other means ap- 
proved by the authority. 

Joints of pipe in the trench which cannot be poured 
shall be caulked with jointing materials to make them 
as watertight as possible. 

3.4 Number of Pipes Laid Before Jointing 

Wherever the jointing material specified is cement, 
six or more lengths of pipe shall be laid in place ahead 
of each joint before such a joint is finished. 

3.5 Cutting of Pipe 

The cutting of pipe for inserting valves, fittings or 
closure pieces shall be done in a neat and workman- 
like manner without damage to the pipe or cement 
lining so as to leave a smooth end at right angles to 
the axis of the pipe. For this purpose use of a pipe 
cutting machine is recommended. When pipe cutting 
machine is not available for cutting pipes of large 
diameters, the electric-arc cutting method may be 
permitted using a carbon or steel rod. Only qualified 
and experienced workmen shall be employed on this 
work. When the {)ipe cutting machine is not available 
and the site conditions do not permit pipe cutting by 
machines, the pipe can be cut using chisels. The flame 
cutting of pipe by means of an oxyacetylenc torch 
shall not be allowed. 
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3.6 Direction of Laying of Socket End 

On level ground, the socket ends should face the up- 
stream. When the line runs uphill the socket ends 
should face the upgrade. 

3.7 Permissible Deflection at Socket and Spigot 
Joints 

Where necessary to deflect pipe from a straight line, 
either in the vertical or horizontal plane, to avoid ob- 
structions or where long radius curves are permitted, 
deflection at joint shall not exceed the following: 



Lead joints 

Rubber joints 

For nominal bore 80 to 300 mm 

For nominal bore 350 to 400 mm 

For nominal bore 450 to 750 mm 



2V,^ 



5^ 
40 

30 



3.8 Usage of Anchor and Thrust Bloclcs in Pipe- 
lines 

3.8.1 General 

High pressure mains need anchorages at dead 
ends and bends, as appreciable thrust occur which 
tend to cause 'draw' and even blow out of joints. 
Where the thrust is appreciable, concrete blocks 
should be installed at all points where movement may 
occur. 

3.8.2 Hydrants 

The bowl of each hydrant shall be well braced 
against a sufficient area of unexcavated earth at the 
end of the trench with stone slab or concrete back- 
ing, or it shall be tied to the pipe with suitable metal 
tie rods, clamps, or restrained joints as shown or 
directed by the authority. Tic rods, clamps or other 
components of dissimilar metal shall be protected 
against conosionby hand application of a bituminous 
coating. 

3.8.3 Pipe-lines 

Anchorages are necessary to resist the tendency of 
the pipes to pull apart: 

a) At bends or other points of unbalanced pres- 
sure, or 

b) When they are laid on steep gradients and the 
resistance of their joints to longitudinal 
(shearing) stresses is either exceeded or 
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inadequate. They are also used to restrain or 
direct the expansion and contraction of rig- 
idly joined pipes under the influence of tem- 
perature changes. 

It is advisable to avoid sharp bends above 45^ and 
in soft ground it is better not to put two bends together 
but to separate them by at least a length of a straight 
pipe. If the pressures are high enough to merit it and 
sleeve joints are being used, the joints on the bends 
and on two pipes either side of them should be fully 
welded inside and outside, and the trench, refilled 
with concrete to 150 mm above these pipes and bends. 
Pipes laid on steep inclines should be anchored or 
transversed blocks or other precautions taken to pre- 
vent slippage and measures to overcome unbalanced 
pressures provided. 

Anchor or thrust blocks shall be designed in accor- 
dance with IS 5330 : 1984. Thrust resistant design 
pressure should be equal to the test pressure. 

3.8.4 Restrain Materials 

Vertical and horizontal reaction backing shall be made 
of concrete of grade M15 conforming to IS 456 : 
1978. 

3.9 Jointing of Cast Iron Pipes 

3.9.1 Jointing of Socket and Spigot Pipes 

Jointing may be done with any one of the following 
materials: 

a) Molten lead (under dry conditions), 

b) Lead wool (under wet conditions), 

c) Cement, and 

d) Tarred yarn (for sewers only where consid- 
ered necessary). 

3.9.2 Yarning of Packing Material 

Yarning of packing material shall consist of one of 
the following: 

a) Spun yam, 

b) Moulded or tubular natural or synthetic 
rubber rings, 

c) Asbestos rope, or 

d) Treated paper rope. 



NOTE - In sewerage system the usage of natural or synthetic 
rubber rings may be decided by the authority taking into con- 
sideration the characteristics of effluent. 

All the material mentioned in 3.9.2 shall be handled 
with care in order to prevent contamination and shall 
be dry when put into place in the joint. The material 
used shall be free of oil, tar or greasy substances. In 
cement joints, the yarning materials may be omitted 
if so specified. 

NOTE - Spun yam used as a jointing material sh^I be ster- 
ilized quality. It shall have been exposed to vapours of 40 
percent formaldehyde in air-tight chamber for three hours 
before using it in water main. 

3.9.3 Placing of Yarning Material 

The yarning material shall be placed around the spigot 
of the pipe and shall be of proper dimensions to centre 
the spigot in the socket. When the spigot is shoved 
home, the yarning material shall be driven tightly 
against the inside base or hub of the socket with 
suitable yarning tools. 

When a single strand of yarning material is used, it 
shall have an overlap at the top of not more than 
50 nun. When more than a single strand is required 
for a joint, each strand shall be cut to sufficient length 
so that the ends will meet without causing overlap. 
The ends of the strands shall meet on opposite sides 
of the pipe and not on the top or at the bottom. 
Successive strands of yarning material shall be driven 
home separately. 

3.9.4 Lead Joints 

3.9.4.1 Lead for caulking purposes should conform 
to IS 782 : 1978. 

3.9.4.2 Quantity of lead for joints 

The quantity of lead required for different sizes of 
pipes are given in Table 2. 

3.9.4.3 Heating and pouring of lead 

Lead shall be heated in a melting pot kept in easy 
reach of the joint to be poured so that the molten 
metal will not be chilled in being carried from the 
melting pot to the joint and shall be brought to a 
proper temperature so that when stirred it will show 
a rapid change of colour. Before pouring, all scum 
shall be removed. Each joint shall be made with one 
continuous pour BUing of the entirejoint space with 
lead. Spongy or imperfectly filled joints shall be burnt/ 
chiselled out and repoured. 
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Table 2 Quantity of Lead for Different Sizes of Pipes 

(Clause 3.9 A.2) 



Nominal Size 
of Pipe 

mm 

(1) 



Lead per Joint 

kg 

(2) 



Depth of Lead 
Joint 

mm 

(3) 



80 

100 

125 

150 

200 

>50 

300 

350 

400 

450 

500 

600 

700 

750 

800 

900 

1000 

1100 

1200 

1500 



1.8 

2.2 

2.6 

3.4 

5.0 

6.1 

7.2 

8.4 

9.5 

14.0 

15.0 

19.0 

22.0 

25.0 

31.5 

35.0 

41.0 

46.0 

52.0 

66.5 



45 
45 
45 
50 
50 
50 
55 
55 
55 
55 
60 
60 
60 
60 
65 
65 
65 
65 
70 
75 



NOTE — The qiiantities of lead given are provisional and a variation of 20 percent is permii;sible either way. 



3^.4.4 Position of joint runner 

The joint runner shall fit snugly against the fiace of 
the socket and the outside of the pipe shall be dammed 
with clay to form a pouring lip to provide for filling 
the joint flush with the face and to the top of the 
socket. 

3.9.4.5 Procedure for caulking of socket and spigot 
joints 

The common form of joint is made by first caulking 
a spun yam then filling the remainder of the joint 
space by running in molten lead, taking care that no 
dross enters the joint, and then thoroughly caulking 
the lead. The lead need not extend into the joint 
further than the back of the groove formed in the 
socket. 



The spun yam is used to centre the spigot in the 
socket, to prevent the flow of molten lead into the 
bore of the pipe, to reduce the amount of lead 
required to complete the joint and to make the joint 
watertight. Spun yarn may become infected with 
bacteria, which may contaminate the water and, theie- 
fore, shall be effectively disinfected before use. 

Alternately, proprietary brands of sterilized spun 
yam may be used. Shreded lead or lead wire or strip 
may be used instead of spun yam, thus producing a 
solid lead joint. Lead covered yam may also be used 
which does not have the disadvantages of plain yam. 
Cold lead may be caulked into the joint space first 
followed by spun yam, and the joint then completed 
with cold or molten lead. 

Caulking may be done with pneumatic tools or with 
a hand hammer weighing not less than 2 kg. When 
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working with lead wool, it is very iii[Q)ortant to use 
caulking tools of appropriate thickness to fill the joint 
space, and to thoroughly consolidate the material 
from the back to the front of the socket. Lead run 
pints shall be preferably finished 3 mm behind the 
socket face. 

3.9.4.6 Quantity of lead wool and spun yarn for 
joints 

The quantity of lead wool and spun yam required for 
different sizes of pipes are given in Table 3. As lead 
wool jointing is mostly done in difficult site condi- 
tions, higher tolerances may be permitted in practice 
from the standards specified in Table 3. 



3.9.5 Cement joints 

3.9.5.1 Where cement joints are used for cast iron 
gravity sewers, cement as permitted in IS 456 : 1978 
may be used. 

3.9.5.2 Procedure 

Closely twisted spun yam gasket of such diameter as 
required to support the spigot of the pipe at the 
proper grade and make tmly concentric joints, and in 
one piece of sufficient length to pass around the pipe 
and lap at the top, shall be thoroughly saturated in 
cement paste. This gasket shall be laid in the socket 



Table 3 Quantities of Lead Wool and Spun Yarn for 
Different Sizes of Pipes 





{Clause 3.9 A.6) 






(Materials for Single Collar Joints) 




Nominal bitenial 
IMa 

mm 




Lead Wool 
Weight 

kg 


Spun Yarn 
Weight 

kg 


(1) 




(2) 


(3) 


80 




1.30 


0.17 


100 




1.70 


0.23 


150 




2.41 


0.34 


175 




2.89 


0.37 


200 




3.37 


0.57 


225 




3.63 


0.64 


250 




4.11 


0.74 


300 




4.82 


0.82 


350 




6.04 


1.17 


375 




6.52 


1.25 


400 




7.00 


1.33 


450 




9.64 


1.84 


500 




10.86 


1.99 


600 




12.79 


2.83 


750 




15.68 


3.52 


825 




17.12 


3.88 


900 




18.80 


4.25 


1200 




28.44 


6.01 



NOTE — Under special dicumstances the Eagineer-in-Charge may decide the quantities of lead wool/spun yam depending upon the site 
conditions. 
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for the lower third of the circumference of the joint 
and covered with cement mortar (1 cement : 1 coarse 
sand). The spigot of the pipe shall be thoroughly 
cleaned with a wet brush, inserted and carefully driven 
home, after which a small amount of mortar shall be 
inserted in the annular space around the entire cir- 
cumference of the pipe and solidly rammed into the 
j6int with a caulking tool, the mortar previously placed 
being driven ahead of the gasket. The remainder of 
the joint shall then be completely filled with mortar 
and bevelled off at an angle of 45 degrees with the 
outside of the pipe. On pipes of 450 mm in diameter 
or larger, the joints shall be pointed and smoothed 
from the inside. While making cement joints, one 
lead joint shall be introduced for every ten cement 
joitits. 

The inside of the pipe shall be cleaned after the mortar 
sets slightly by dragging a large gunny-wrapped 
block of wood or straw through the pipe. Care is, 
however, necessary to see that this block is not left 
in the sewer when the work is interrupted or com- 
pleted. 

3.9.5,3 Time interval before filling pipe 

Pipe laid with cement joints shall not be filled with 
water until a lapse of twelve hours after the last joint 
in any valved section has been made, and pressure 
shall not be permitted in the pipe until all joints have 
aged. 

3,9.6 Flanged Joints 

Cast iron pipes may also be jointed by means of 
flanges. 

3.9.6.1 The gaskets used between flanges of pipes 
shall be compressed fibre board or natural/synthetic 
rubber (see IS 638 : 1979) of thickness between 1.5 
to 3 mm. The fibre board shall be impregnated with 
chemically neutral mineral oil and shall have a smooth 
and hard surface. Its weight per square metre shall 
be not less than 112 g/mm thickness. 

3.9.6.2 Each boh should be tightened a little at a 
time taking care to tighten diametrically opposite 
bolts alternatively. The practice of fiilly tightening 
the bolts one after another is highly undesirable. 

3.9.6.3 Several proprietary flexible joints are avail- 
able for jointing cast iron pipes and these may be used 
with the specific approval of the authority; however, 
they shall be used strictly in accordance with the 
manufacturer's instructions. 

3.9.6.4 For branches of small diameter cast iron pip- 
ing, copper-alloy screwed unions or ferrules shall be 
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used, and for large diameters, the joints shall be made 
by flanged connecting pieces. 

4 LAYING AND JOINTING OF DUCTILE 
IRON PIPES 

4.1 Laying Underground 

Pipes should be lowered into the trench with tackle 
suitable for the weight of pipes. For smaller sizes, up 
to 250 mm nominal bore, the pipe nwy be lowered 
by the use of ropes but for heavier pipes, either a well 
designed set of shear legs or mobile crane should be 
used. When lifting gear is used, the positioning of the 
sling to ensure a proper balance, should be checked 
when the pipe is just clear of the ground. If sheathed 
pipes are being laid, suitable wide slings or scissor 
dogs should be used. 

All construction debris should be cleared from the 
inside of the pipe either before or just after a joint 
is made. This is done by passing a pull-through in the 
pipe, or by hand, depending on the size of the pipe. 
When laying is not in progress, a temporary end 
closure should be securely fitted to the open end of 
the pipe-line. This may make the pipe buoyant in the 
event of the trench becoming flooded, in which case 
the pipes should be held down either by partial re- 
filling of the trench or by temporary strutting. Al] 
persons should vacate any section of trench into which 
the pipe is being lowered. 

4.1.1 On gradients of 1 : 15 or steeper, precautions 
should be taken to ensure that the spigot of the pipe 
being laid does not move into or out of the socket 
of the laid pipe during the jointing operations. As 
soon as the joint assembly has been completed, the 
pipe should be held firmly in position while the 
trench is backfilled over the barrel of the pipe. The 
backfill should be well compacted. 

4.2 Laying Above Ground 

The ground should be dressed to match the curvature 
of the pipe shell for an arch length subtending an 
angle of 120*^ at the centre of the pipes. Alternatively, 
the pipe-line should be laid either on saddle, roller 
or rocker supports as specified by authority. The pipes 
may be allowed to rest on ground if the soil is non- 
aggressive. 

4.3 Supporting Pipes above Ground 

The following recommendations assume that no ad- 
ditional bending moments above those due to the self 
weight of the pipe and its contents are present. 
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4 J.1 With Spigot and Socket Pipes 

It is recommended that above ground installation of 
spigot and socket pipes be provided with one support 
per pipe, the supports being positioned behind the 
socket of each pipe. 

This results in a normal distance between supports of 
4 m as shown in Fig. 6A. 

Pipes should be fixed to the supports with mild steel 
straps so that axial movement due to expansion or 
contraction resulting from temperature fluctuation, is 
taken up at individual joints in the pipe-line. In 
addition, joints should be assembled with t&e spigot 
end withdrawn 5 to 10 mm from the bottom of the 
socket to accommodate these thermal movements. 

Pipes supported in this way are capable of free 
deflection and axial movement at the joints which 
accommodate small movements of the pipe supports. 

The designed anchorage shall be provided to resist 
the thrusts developed by internal pressure at bends, 
tees, etc. 



Where a pipe-line crosses a watercourse, the design 
and method of construction should take into ac- 
count the characteristics of the watercourse. Early 
consultation with river authorities will assist in evalu- 
ating the effect of river characteristics (for example, 
nature of bed, scour levels, maximum velocities, high 
flood levels, seasonal variations, etc), on design and 
construction. 

If necessary, unsupported spans between 4 and 6 m 
may be obtained by positioning the pipe supports 
relative to the pipe joints as shown in Fig. 6B. 

4.3.2 With Flanged Pipes 

The recommended maximum unsupported span is 8 
m. The supports shall be located at the centre of every 
second pipe as shown in Fig. 7 A 

The relative positions of pipe joints and pipe supports 
should be as shown in Fig. 7B. 

The supports of all flanged pipework spans should be 
stable and unyielding due to movements in the pipe- 
line. 
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6A. PIPES OVER NORMAL GROUND 
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6B. PIPES CROSSING OVER WATER COURSE 
Fig. 6 Spigot and Socket Pipes Laying above Ground 
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8m max. 
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7A. PIPES ABOVE NORMAL GROUND 



1-5 m min. 



8 m max. 




V5 m mm. 






7B. PIPES CROSSING WATER COURSE 
Rg. 7 Flanged Pipe Laying above Ground 



The straps should prevent any lateral movement 
or lifting of the pipe-lines but not lestrict expan- 
sions and constructions caused by temperature fluc- 
tuations. 

4.4 Cutting of Pipes 

The cutting of pipe for inserting valves, fittings, etc, 
shall be done in a neat and workman like manner 
without damage to the pipe or lining so as to leave 
a smooth end at right angles to the axis of the pipe. 
Methods of cutting ductile iron pipes are given in 
4.4.1 to 4.4.3. 

4.4.1 By Hacksaw 

Hand or power operated hacksaw should be used with 
blades having teeth at a pitch of 1 nun. 

4.4.2 By Manually Operated Wheel Cutter 

The type of cutting wheel used foj cast iron pipes is 
not suitable for ductile iron pipe. Special wheels, as 
used for cutting steel pipes, shall be used and cut ends 
are trimmed with a file. 

4.4.3 By Pipe Cutting Machine 

Machines with cutter heads or abrasive wheels shall 
be used. Cutter head should have a front rake angle 
of 7° as used for steel pipes. 



4.5 End Preparation of Cut Pipes for Jointing 

The burr left after cutting should be trinmied off by 
light grindng or by filing. 

4.6 Wrapping 

When ductile iron pipes are to be laid in aggres- 
sive soils, the pipes should be wrapped externally 
with protective coatings, such as bitumen or coal tar 
sheathing protective tapes or by loose polyethylene 
sleeving, or in certain circumstances, concrete before 
laying. At joints, bends and valves, precautions 
should be taken to provide sufficient overlap of the 
wrapping sleeve so that no pipe-line is exposed to 
the aggressive soil. 

4.7 Pipe-line Mariners 

Distinctive markeis shouid be erected at ail roads, 
railways, river and canal crossings, and elsewhere as 
required to identify the pipe-line and to indicate its 
position. Markers should be placed at field bounda- 
ries, preferably in such a way that they are not 
obscured by vegetation. At all valve installations, 
plates should be provided to give the same informa- 
tion as on the markers. Markers should not be 
treated with any substance likely to be hannftt! to 
livestock. 
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4.8 P}pe-line Anchorage 

All pipe-lines baying unanchored flexible joints re- 
quire anchorage at changes of direction and at dead 
ends to resist the static thrust developed by internal 
pressure. Dynamic thrusts caused by flowing water 
act in the same direction as static thrusts. This thrust 
is of sufficient magnitude at high velocities to warrant 
safety consideration. 

Anchorages to resist the thrust should be designed 
taking into account the maximum pressure the main 
is to carry in service or on test, and the safe bearing 
pressure of the surrounding soil. 

Where possible, concrete anchor blocks should be 
of such a shape as to allow sufficient space for 
the remaking of the joints. Figure 8 shows typical 
anchorage using concrete thrust blocks. 

Pipe-line should be securely anchored at dead 
ends, tees, bends, tapers and valves to resist thrust 
arising from internal pressure. Anchors and thrust 
blocks should be designed in accordance with 
IS 5330 : 1984. Steeply inclined pipe-lines should be 



secured by transverse anchors spaced as shown 
below: 

Spacing of Transverse Anchors for Steeply 
Inclined Pipe-lines 



Gradient 

1 in 2 and steeper 
Below 1 in 2 to 1 in 4 
Below 1 in 4 to 1 in 5 
Below 1 in 5 to 1 in 6 
Flatter than 1 in 6 



Spacing 

m 

5.5 

11.0 

16.5 

22.0 

Not usually required 



Typical anchor blocks to resist horizontal thrust, 
vertical thrust and gradient thrust for buried mains 
are shown in Fig. 8. 

4.9 Joints and Jointing of Ductile Iron Pipes 

Two main types of joints are used with ductile iron 
pipes and fittings: 

a) Socket and spigot flexible joints: 

1) Push on joints; and 

2) Mechanical joints. 

b) Rigid flanged joint. 














BEND 



TEE 



DEAD END 





GRADIENT THRUST 



VERTICAL THRUST 
BURIED MAINS 



Rg. 8 TvwcAL Thrust Blcxxs 
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4.9.1 Flexible Joint 

The spigot and socket flexible joint should be de- 
signed to pennit angular deflection in direction and 
axial movement to compensate for ground movement 
and thermal expansion and contraction. They in- 
corporate gasket of elastomeric materials and the 
joints may be of the simple push-on-typc or the type 
where the seal is effected by the compression of a 
rubber gasket between a seating on the inside of 
the socket and the external surface of spigot. Joints 
of the latter type are referred to as mechanical joints. 
Both push-in (Fig. 9A) and mechanical joints are 
flexible joints. Flexible joints require to be exter- 
nally anchored at all changes in direction such as at 
bends, etc, and at blank end to resist the thrust created 
by internal pressure and to prevent the withdrawal 
of spigots. 

4.9.2 Flanged Joint 

Flanged joints are made on p^pes having a machined 
flange at each end of the pipe. The seal is usually 
effected by means of a flat rubber gasket com- 
pressed between two flanges by means of bolts 
which also ser/e to connect the pipe rigidly (see Fig. 
9B). Gaskets of other nuiterials, both metallic and 
non-metallic, are used for special applications. 




9A. FLEXIBLE JOINT (PUSH IN TYPE) 




98. FLANGED JOINT 
Fig. 9 Tvpical Types of Joints 

4.9.3 Jointing Procedure 

Procedure for jointing will vary according to the type 
of joint being used. Basic requirements for all types 
are: 

a) Cleanliness of all parts, 

b) Correct location of components. 



SP 57 (QAWSM) : 1993 

c) Centralization of spigot within socket, and 

d) Strict compliance with manufacturer's joint- 
ing instructions. 

The inside of sockets and the outside of spigots 
should be cleaned and wirebrushed for a distance 
of 150 to 225 mm. Glands and gaskets should be 
wiped clean and inspected for damage. When lifting, 
gear is used to place the pipe in the trench, it sould 
also be used to assist in centralizing the spigot in the 
socket. 

Where the pipe-iine is likely to be subjected to move- 
ment due to subsidence or temperature variations, the 
use of flexible joints is recommended. A gap should 
be left between the end of the spigot and the back 
of the socket to accommodate scuh movement. 

5 LAYING AND JOINTING OF STEEL PIPES 

5.1 Laying of npes Underground 

The procedure for trenching as described in 2.3.2 
shall be carefully followed. Before the pipe is lowered, 
the trench shall be carefully examined to determine 
that an even bedding is provided for the pipe-line 
and that the pipe may be lowered into it without 
damaging the coating. 

5.1.1 Lowering and Assembling of Pipes and Spe- 
cials 

The procedure for lowering varies with the method 
adopted for coating the pipe-line. Where the coating 
is to be done in the trench, the pipe may be 
lowered in the trench on supports sufficiently high 
so as to facilitate out-coating. The pipe should be 
lowered progressively with the help of shear le^ or 
cranes using wide belts or slings. In case of coated 
pipes, extra care shall be taken to preserve the 
coating while lowering. Slings may be removed 
progressively without the necessity of digging under 
the pipe. Where the trench is sheeted, the pipes shall 
be lowered into the trench by removing at a time, 
one or two struts only, care being taken to see that 
no part of the shorting is disturbed or damaged. If 
necessary, additional struts may be fixed during low- 
ering. After the pipe is lowered, it shall be laid in 
correct line and level by use of levelling instru- 
ments, sight rails, theodolites, etc. Care shall be taken 
to see that the longitudinal joints of the consecutive 
pipes are staggered by at least 30^ and should be 
kept in upper third of the pipe-line, if there are two 
longitudinal joints they should be on the sides. While 
asseihbling, the pipe faces shall be brought close 
enough to leave a uniform gap not exceedng 3 nun. 
The spiders from inside and tightening rings from 
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outside or other suitable equipment should be used 
to keep the two faces in shape and position till at least 
one run of welding is carried out. 

5.1.1.1 The pipe faces shall first be tack-welded al- 
ternately at one or more diametrically opposite pairs 
of points. After completing tack-welding, full weld- 
ing shall be carried out in suitable runs following a 
sequence of welding portions of segments diametri- 
cally opposite. 

5.1.2 Backfilling 

Backfilling should closely follow the welding of 
joints of the pipe so that the protective coating does 
not get subsequently damaged. Material harmful to 
the pipe-line shall not be used for backfilling. Refill- 
ing shall be done in layers not exceeding 300 mm. 
Each layer shall be compacted by watering and ram- 
ming, care being taken to prevent damage to the 
Mpe-line. The filling on the two sides of the pipe-line 
>hould be carried out simultaneously. 

5.1.2.1 The spiders provided during assembly and 
welding shall be retained until the trench is refilled 
and compacted. Where timbers are placed under the 
pipe-line to aid alignment, these shall be removed 
before backHlling. For further precautions and use of 
material in backfilling, reference should be made 
to 2.4. 

5.2 Laying of Pipeis Above Ground 

5.2.1 General 

The procedure of handling the pipes as described 
in 5.1 and for lowering and assembling the pipes 
underground as described in 5.1.1 should be followed 



for lifGng and laying the pipes on supports or on 
ground. The pipe-line may be allowed to rest on 
ground if the soil is non-aggressive. The ground 
should, however, be dressed to match the curvature 
of the pipe shell for an arch length subtending an 
angle of 120° at the centre of pipes. Altetnatively, 
the pipe-line should be laid either on saddle or roller 
and rocker supports as specified by the authority. 
Figures 10 & 11 show supports generally adopted on 
steel pipe-lines. 

5.2.2 Expansion Joints 

For all pipe-lines laid above ground, provision for 
expansion and contraction on account of tempera- 
ture variation should be made either by providing 
expansion joints at predetermined intervals or by 
providing loops where leakage through expansion 
joints are provided, it is necessary to create restrain- 
ing points on the pipe-line to ensure proper function- 
ing of these joints. The pipe laying work should 
preferably start from the restrained points on either 
side working towards centre where the expansion 
joint should be fitted last. Spacing of expansion joint 
depends on local conditions. Provision of expansion 
joint at intervals of 300 m on exposed steel pipe-line 
is generally recommended. Expansion joints should 
always be provided between two fixed supports or 
anchorages. 

5.2.3 Anchorages 

The pipe shall be anchored by concrete anchor 
blocks or other means to resist unbalanced water 
pressures and temperature stresses. Provision should 
be made to anchor the main during construction and 
in service where floatation could occur. 




RING GIRDER 
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Fig. 10 Saddle Support 



Fig. 11 Roller or Rocker Support 
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5.3 Jointing of Steel Pipes 

5.3.0 Steel Pipes with Diameter 200 mm and Above 
are Joined By Welding 

Before aligning, assembling and welding, the pipe 
faces shall be cleaned by scraping by wire brushes 
or any other method specified by the authority. 

5.3.1 Welding 

5.3.1.1 General 

The welding of pipes in the field should comply with 
IS 816 : 1969. Electrodes used for welding should 
comply with IS 814 : 1991. 

5.3.1.2 Testing of welded joints 

The welded joints shall be tested in accordance with 
procedure laid down in IS 3600 (Part 1) : 1985. One 
test specimen taken from at least one field joint out 
of any 10 shall be subjected to test. 

If the results of the tensile test do not conform to the 
requirements specified, retests of two additional 
specimen from the same section shall be made, each 
of which shall conform to the required specifications. 
In case of failure of one or two, extensive gouging 
(scooping out) and repairing shall be carried out as 
directed by the authority. 

If internal pressures exceed 1.5 MPa (15 kgf/cm^), 
special attention should be given to the assembly of 
the pipe and the first run of weld. Non-destructive 
testing of the completed weld may be carried out on 
pipe-lines by radiographic (see IS 4853 : 1982) or 
ultrasonic method ( see IS 4260 : 1986) as agreed 
upon between the user and the manufacturer. 

5.3.1.3 Welding of closure gaps 

Final welding of closure gaps should be carried out 
within a temperature range of average air tem- 
perature ± 8*^0. For buried pipe-lines final welding 
may best be done after intermediate pipes have 
been backfilled. 

5.4 Blank Flanges 

Blank flanges shall be used at all ends left unat- 
tended at the temporary closure of work. Blank 
flanges may also be necessary for commissioning a 
section of the pipe-line or for testing the pipe-line 
laid. For temporary closures, non-pressure blank 
flanges consisting of mild steel plates tackwelded at 
the pipe ends may be used. For pipes subjected to 
pressures, the blank flanges should be suitably de- 
signed. 
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5.5 Branch Connections, Specials, Etc 

Complicated specials, such as 'Y' pieces, composite 
bends and tapers, shall be fabricated in work- 
shops. Small branches, single piece bends, etc, may 
be fabricated at site, care being taken to ensure 
that the fabricated fittings have at least the same 
strength as the pipe-line to which these are to be 
joined. 

5.6 Jointing of Pipes with Diameter Less Than 
200 mm 

Small diameter pipes are mainly joined by means of 
screw and socket joints. White lead and spun yam are 
used as leak proofing material for these joints. The 
white lead is applied on the threaded end with spun 
yarn, and inserted into the socket of other pipe. The 
pipe is then turned and tightened. 

5.7 Coatings 

5.7.1 Buried Pipes 

Buried steel pipe-lines are liable to external corro- 
sion and should be protected by the use of suitable 
coatings. The selection of coatings may be influenced 
by economic factors, such as the required life of the 
pipe-line and the maintenance cost. Maximum pro- 
tection against externa] corrosion of buried pipe- 
lines is achieved by the use of high quality coatings 
in conjunction with cathodic protection system. 

5.7.1.1 A number of coating materials are available. 
The type selected and the thickness applied depend 
upon the degree of protection required, the elec- 
trical resistivity of the material, its porosity, its re- 
sistance to penetration of water, its resistance to 
microbiological attack, its stability at the pipe-line 
operating temperature and its mechanical strength. 

5.7.1.2 Some of the common coating used are given 
in Table 4. 

5.7.1.3 Where pipe-line is coated at the fabrication 
shop or at a site yard special care should be taken 
to ensure that the coating is not damaged during sub- 
sequent handling and traiisport. 

5.7.1.4 Before applying the coating, it should be en- 
sured that the pipe is clean, thai is, all loose mill scale, 
dirt, rust, oil, grease, moisture, etc, are removed. 
Pipes may be cleaned by wire brushing, pickling and 
phosphating or by shot blasting. Where primers are 
necessary, they should be applied immediately after 
cleaning. 

5.7.1.5 All coatings should be applied in accordance 
with manufacturer's recommendations. 
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Table 4 Types of Coatings and Their Uses 

(Clause 5.7.1.2) 



SI 
No. 

(1) 



Materials 

(2) 



Rcmarics 

(3) 





ii) 
"0 

iv) 

V) 

vi) 
vii) 

viii) 



Hot applied coal tar based coatings 



Hot applied bitumen based coatings 

Hot applied tape coatings comprising 
fabric tapes impregnated with bitumen 
or coal tar 

Cold applied tape coatings, including 
PVC or polyethylene 



Thin film protectives based on coal tar 
or bitumen 



Thidc mastic coatings 
Epoxy or other resinous paints 

RCC gunite 



Siii table for application either at the fabrication 
shop or at site 

do 

Generally used for relatively short lengths of 
pipes or for field application to welded joints in 
the coated pipes 

Suitable for application either at fabrication shop 
or at site. Also for coating field welded joints in 
precoated type pipes and fittings 

Generally ui^ultable for high corrosive environ- 
ments 

May be used to give extra strength to the coating 

Suitable for application either at fabrication shop 
oral site. Requires special techniques for applica- 
tion 

Suitable for application at site. Requires special 
technique for application. 



5.7.1.6 When coating mentioned at SI No. (i), (ii), 
(iii), (v) or (vi) in Table 4 are adopted the pipe-line 
shall be provided with cathodic protection to prevent 
pin hole formation in the pipe shell on account of 
corrosion. 

5.7.2 Above Ground Pipe-lines 

Pipe-lines laid above ground are liable to atmos- 
pheric corrosion and should be adequately protected 
by painting. 

5.7.2.1 Paints 

Should be applied as specified by the authority. 

5.7.2.2 Where the pipe-line is partly above ground 
and partly under-ground, the coating used on the 
buried portion should be continued well clear of the 
ground. 

5.7.3 Internal Coating or Lining 

Where waters to be conveyed are corrosive in 
nature, the pipe-line should be provided with an 
internal coating or lining. Such linings are usually of 
bitumen, coal tar, epoxy or similar resin, concrete or 
cement mortar. Care should be taken to see that the 
material used for coating is non-toxic. The lining may 
be applied to the pipe before or after laying. In the 
former case, it should be made continuous at the 
joints after laying. Methods of applying internal lining 



vary according to the size of the pipe depending 
upon the working space, inside the pipe. In case of 
large diameter pipe-lines, cement mortar lining shall 
preferably be carried out after the pipe-line is laid in 
position and the backfill in the trenches is properly 
consolidated. This will prevent the lining from being 
damaged due to deformation of pipe-line, due to self 
weight and also due to handling of pipes during laying 
operation. 

5.7.4 Dry Film Thickness 

Both for internal and external painting, the thickness 
of the dry paint film is very important from the point 
of view of determining the protective life. The minimum 
dry film thickness of the paint system should be speci- 
fied and measurements to that effect be made by using 
instruments like elcometer or other reliable measur- 
ing devices. 

NOTE — For Further details see IS 10221 : 1982. 

6 LAYING AND JOINTING OF CEMENT 
CONCRETE AND PRESTRESSED CONCRETE 
PIPES 

6.1 Trench Excavation 

Trench shall be of sufficient width to provide a free 
working space on each side of the pipe. The free 
working space shall be preferably not less than 
150 mm on either side. For deeper excavations wider 
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trench may be required. The trench width should be 
kept minimum, sufficient to allow proper tamping of 
the backfill. Any inadvertant increase in the actual 
width should be referred to the designer. If the sides 
of the trench are not vertical, the toes of the side 
slopes shall end at the top of pipe, and practically 
vertically sided trench shall be dug from these down 
to the sub grade. 

6.2 Laying 

Pipes should be lowered into the trench with 
tackle suitable for the weight of pipes, such as well 
designed shear slings with chain block or mobile 
crane. While lifting, the position of the sling should 
be checked when the pipe is just clear off the 
ground to ensure proper balance. Laying of pipes 
shall preferably proceed upgrade of a slope. If 
the pipes have rubber ring joint it is easier to force 
spigot into socket. In case of collar joint, the collars 
shall be slipped on before the next pipe is laid. 
Expansion joint shall be provided for buried line 
at maximum intervals of 100 m, but for exposed 
pipes, the joint intervals shall not exceed 45 m. Cast 
iron or steel collars and lead caulking conforming to 
IS 782 : 1979 shall be used for expansion joint. Where 
flexible rubber ring joints arc used, expansion joints 
need not be provided. When laying is not in prog- 
ress, the open end of the pipe-line should be 
fitted with temporary end-closure. This may make the 
pipe buoyant in the event of the trench becoming 
flooded and any movement of the pipes should be 
prevented either by partial refilling of the trench or 
by temporary strutting. 

6.3 Jointing 
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d) provision of the correct gap between the end 
of the spigot and the back of the socket (for 
rubber ring joint) to ensure flexibility at each 
joint; and 

e) any lubricant used shall be approved as to 
composition and method of application. 

Details of jointing shall be as recommended by the 
manufacturer. 

For collar joint the loose collar shall be set up over 
the joint so as to have an even caulking space 
all round. Into this caulking space shall be ranmied 
1 : 1.5 mixture of cement and sand for pressure 
pipes and 1 : 2 for non-pressure pipes just suffi- 
ciently moistened to hold together in the hand. The 
caulking shall be so firm that it shall be difficult to 
drive the point of a pen into it. The caulking shall 
be employed at both ends in a slope of 1 : 1. In place 
of cement mortar, any other suitable approved 
compound may be used. Every caulked joint shall be 
kept wet for about ten days for maturing. The section 
of the pipe-line laid and jointed shall be covered im- 
mediately to protect it from weather effects. A 
minimum cover of 100 mm is considered adequate. 
A polyethylene sheet shall also be used to cover the 
joint to prevent evaporation of water. 

6.4 Joints for Concrete Pipes 

6.4.1 Types 

The joints may be mainly of two types: 

a) Rigid joints, and 

b) Flexible joints. 



The sections of the pipe should be jointed together 
in such a manner that there shall be as little uneven- 
ncss as possible along the inside of the pipe. The 
procedure will vary according to the type of joint 
being used. Basic requirements for all types are: 

a) cleanliness of all parts, particularly joint sur- 
face; 

b) correct location of components; 

c) centralization of spigot within socket; 

OPENING AT JOINT CAULKED 



6.4.2 Rigid Joints 

In this the water seal is effected by cement mortar 
or similar material which will not allow any move- 
ment between the two pipes. 



6.4.2.1 Socket and spigot joint 

The aimular space between socket and spigot is filled 
with cement mortar (1 : 2). This joint is used for low 
pressure pipe-line. The details of joint are shown in 
Fig. 12. 



SPIGOT 



WITH CEMENT MORTAR (1:2) 

SOCKET 




BARREL 
THICKNESS 



Fig. 12 Spigot and Socket Joint (Rigid) 
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6.4.2.2 Collar Joint 

Colllars 15 to 20 cm wide cover the joint between 
two pipes. A slightly damp mixtures of cement and 
sand is rammed with caulking tool. The details are 
shown in Fig. 13. 



-COLLAR 

-CEMENT MORTAR 
CAULKINC3 
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PIPE 



Fig. 13 Collar Joint (Rigid) 

6.4.2.3 Flush joint 

a) Internal flush joint 

This joint is generally used for culvert pipes of 
900 mm diameter and over. The ends of the pipes 
are specially shaped to form a self centering joint 
with an internal jointing space 1.3 cm wide. The 
finished joint is flush with both inside and outside 
with the pipe wall (see Fig. 14). The jointing space 
is filled with cement mortar mixed sufficiently dry 
to remain in position when forced with a trowel or 
rannmer. 
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f 



PIPE 




Fig. 14 Internal Flush Joint (Rigid) 

b) External flush Joint 

This joint is suitable for pipes which are too small 
for jointing from inside. Great care shall be taken in 
handling to ensure that the projecting ends are not 
damaged as no repairs can be readily effected 
from inside the pipe. Details of the joint are shown 
in Fig. 15. 

6.4.3 Flexible Joints 

The water seal is effected because of contact pressure 
between the sealing rubber ring (or similar material) 
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Fig. 15 External Flush Joint (Rigid) 

and the pipe surface. These are mainly of two types 
as given below. 

6.4.3.1 Roll on joint 

A rubber ring (circular in cross-section) is placed at 
or near the end of the spigot and rolls along it as the 
spigot enters the socket. The details of the joint are 
shown in Fig. 16. 



0-RING 




Fig. 16 Roll on Joint (Flexible) 

6.4.3.2 Confined gasket 

Rubber ring of circular cross-section is held in the 
groove formed on the spigot. Some times, the cross- 
section is in the shape of lip. The lips are opened 
due to water pressure which ensure water seal. For 
assembly of this joint a lubricant has to be applied 
to the sliding surfaces. The lubricant washes off when 
the pipe is in service. The details of the joint are 
shown in Fig. 17. 
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FiG. 17 Confined O-Ring Joint (Flexible) 

6.5 Change of Direction 

Small changes in direction may be made by setting 
adjacent pipes at a slight angle to one another. The 
maximum angle will vary with the type of joint used 
and the diameter of pipe. Maximum permissible angle 
shall be as recommended by the manufacturer. 
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6.6 Laying and Anchoring of Pipes on Gradients 

Where gradient steeper than 1 in 6 is contemplated 
consideration should be given to the construction of 
suitable tiansveise anchor blocks spaced as shown in 
Table 5. 

Table 5 Spacing of Transverse Anchors for 
Steeply Inclined Pipe-Lines 

(Clause 6.6) 



Gradient 




Spadng 

m 


(1) 




(2) 


1 : 2 or steeper 




5 


1 : 3 to 1 ; 4 




10 


1 ; 5 to 1 ; 6 




15 


1 : 7 to 1 : 12 


Depends 


on ground conditions 


Flatter than 1 : 12 


Not usually required 



It should be noted that where very steep gradients 
occur the trench may act as a drain after back filling 
has been completed, the flow of water could disturb 
granular bedding material, hence, reducing the effec- 
tive support for the pipes. In these circumstances al- 
ternative bedding materia] should be considered. If 
the flow of water through the bedding material is 
potentially substantial, clay water stops should be 
introduced. 

In ihe case of gradients steeper than 1 in 15, consid- 
eration should be given to the use of suitable 
spacers to achieve the correct gap between the end 
of the spigot and the back of the socket. Pracautions 
should be taken to ensure that there is no movement 
of adjacent pipes relative to each other, immediately 
after the jointing operation is complete. As soon as 
joint assembly is complete, the last pipe laid should 
be firmly restrained in position until back filling over 
it is complete and well compacted. 

7 LAYING AND JOINTING OF ASBESTOS 
CEMENT PIPES 

7.1 Excavation 

The procedure for trenching as described in 2.3.2 
shall be followed. In addition to that the following 
precautions are to be taken as the pipes are 
delicate : 

a) The excavation of the trench shall be so 
carried out that the digging of the trenches 
does not get far ahead of the laying op- 
erations. By doing this, the risk of falling of 
sides and flooding of trenches shall be 
avoided. 
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b) The walls of tfie trench shall be cut generally 
to a slope of V^ : 1 or Vj : 1 depending on 
the nature of the soil. 

c) If the trench bottom is extremely hard or 
rocky or loose stony soil, the trench should 
be excavated at least 150 nmi below the 
tiench grade. Rocks, stone or other hard 
substances from the bottom of the trench 
shall be removed and the trench brought 
back to the required grade by filling with se- 
lected fine earth or sand (or fine murum if 
fine soil or sand is not available locally) and 
compacted so as to provide a smooth bedding 
for the pipe. Where excavation requires 
blasting operation it shall be ensured that 
no pipes have been stacked in the vicinity 
or completed pipe-line in the vicinity have 
already been covered before starting of 
blasting operations; this is necessary to pre- 
vent damage to the exposed pipes in the 
vicinity by falling stones as a result of blast- 
ing. 

d) During excavation, large stones and rubble 
shall be separated and removed from the ex- 
cavated soil and stacked separately. This is 
necessary to prevent any damage to the 
completed pipe-line due to the fall of stones 
during re-filling of the trench, 

7.2 Cutting of Pipes 

7.2.1 Cutting of pipes may be necessary when pipes 
are to be laid in lengths shorter than the lengths 
supplied such as while salvaging the pipes with 
damaged ends or while replacing cast iron accessories 
like tees, bends, etc, at fixed positions in the pipe- 
line. In such cases it may also be necessary to reduce 
the cut ends by rasps to suit the inner diameter of 
central collar. The cutting of pipes shall be done as 
given below. 

7.2.2 A line shall be marked around the pipe with 
a chalk piece at the point where the cut is to be 
made. The line shall be so marked that the cut is truly 
at right angle to the longitudinal axis of the pipe. The 
pipe shall be rigidly held on two parallel rafters 
nailed to cross beams, taking care that the portion to 
be cut does not overhang and the cut mark is 
between the two rafters. The pipe shall be neatly cut 
at the chalk mark with carpenter's saw or hack-saw 
having a long blade, by slowly rotating the pipe 
around its longitudinal axis so as to have the uncut 
portion on top for cutting. Cutting of the pipe at the 
overhang should as far as possible be avoided, it is 
dangerous as an overhanging end is liable to tear off 
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due to its weight before the cut is completed (see 
Fig. 18). 

7.3 Laying of Asbestos Cement Pipes 

7.3.1 The pipes shall be lowered into the trenches 
either by hand passing or by means of two ropes. 
One end of each rope shall be tied to a wooden or 
steel peg driven into the ground and the other end 
shall be held by men which when slowly released 
will lower the pipe into the trench. 

7.3.2 The pipes shall rest continuously on the bottom 
of the trench. The pipes shall not rest on lumps of 
earth or on the joints. Four-metre long wooden 
templates may be used to check the level of the bed. 
Clearance of approximately 100 irnn in depth and 
width equal to length of the collar plus 30 mm on 
both sides shall be provided at the joint which shall 
be refilled from side after the joint is made. 

7.3.3 In unstable soils, such as soft soils and dry 
lumpy soils it shall be checked whether the soils can 
support the pipe-lines and if required suitable special 
foundation shall be provided. 



7.3.4 Some clayey soils (for example blac4c. cotton 
soil) are drastically affected by extremes of satura- 
tion and dryness. In changing from totally saturated 
to a completely dry conditions, these soils are sub- 
jected to extraordinary shrinkage. This shrinkage 
is usually seen in the form of wide and deep 
cracks in the earth surface and may result in 
damages to underground structures, including pipe 
materials. The clay forms a tight gripping bond with 
the pipe, subjecting it to excessive stresses as the 
clay shrinks. In such areas, the engineer should 
establish whether the condition exists to a degree 
justifying special precautions. It is recommended that 
in such cases an envelope of a minimum 100 mm of 
tamped sand shall be made around the pipe-line to 
avoid any bonding. 

7.3.5 In places where rock is encountered, cushion 
of fine earth or sand shall be provided for a depth of 
150 mm by excavating extra depth of the trench, if 
necessary, and the pipes laid over the cushion. Where 
the gradient of the bed slopes is more than 30** it may 
be necessary to anchor a few pipes against their sliding 
downwards (see Fig. 19). 
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Fig. 18 Cutitng of Asbestos Cement Pressure Pipe 
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Rg. 19 Laying of AC Pressure Pipes in Rocks 
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7.4 Jointing of Asbestos Cement Pipes 

7.4.1 Before commencing jointing, the pipes shall 
be cleaned; the joints and the ends of the pipe shall 
be cleaned, preferably with a hard wire brush to 
remove loose particles. 

7.4.2 Cast Iron Detachable Joints 

7.4.2.1 The joint shall consist of a central collar, two 
rubber rings, two flanges of cast iron and the required 
number of bolts and nuts. 

7.4.2.2 One flange and rubber ring shall be placed 
on end of the pipe already laid, and the other flange, 
rings and central collar shall be slipped on to the pipe 
to be assembled {see Fig. 20). 

7.4.2.3 The rubber ring shall be kept positioned at 
half the collar width less 2.5 mm from the end of the 
pipe already laid. A site gauge as shown in Fig. 20 
may be used for convenience. 

7.4.2.4 The other pipe shall be brought nearer leav- 
ing a gap of 5 mm between the two pipe ends. This 
gap will facilitate manouvering of deflection at joints 

alter assembly and will take care of any expansion in 
the pipe-line. 

7.4.2.5 The collar shall be slided to sit square around 
the rubber ring on pipe 1 and then the rubber ring 
shall be rolled on pipe 2 to sit around the collar. 



7.4.2.6 The flanges shall be moved on both ends to 
enclose rubber rings. The fastening bolts shall be 
inserted through the holes of the flanges and the bolts 
shall be tightened alternately and evenly for proper 
sitting of the joint. 

7.4.3 Asbestos Cement Coupling 

7.4.3.1 This joint shall consist of three rubber rings 
and an asbestos cement coupling machined on the 
inside. 

7.4.3.2 The rubber rings shall be sealed in their 
respective grooves, after cleaning the coupling and 
rubber rings. The machined ends of the pipe and end 
rings in the coupling shall be suitably lubricated with 
a soft soap solution or other lubricant which is not 
deterimental to rubber rings or drinking water. Then, 
the assembly shall be made by pushing with a crow- 
bar {see Fig. 21) or using a pipe puller. 

7.4.4 The joints shall be made by keeping the pipes 
in one line. Any permissible deflection at the joint 
shall be made after completion of the joint only. The 
amount of deflection and the radius of curvature by 
successive deflection shall be as given in Table 6 {see 
Fig. 22). 

7.4.5 Wherever necessary, change over from cast 
iron pipe to asbestos cement pipes and vice versa 
shall be done with the help of suitable adaptors {see 
Fig. 23). 
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Fig. 20 Cast Iron Detachable Joint 
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Fig. 21 Asbestos Cement Coupling Joint 




Fig. 22 Deflection and Radius of Curvature by Successive Deflection of Pipes 



Table 6 Deflection and Radius of Curvature 

(Clauses 7.4.4 and Fig. 22) 



Angle 




Dispiaccnteiiti) in nun 


for 


Radius R of Curvature in 


mm for 


oi I>eflectioii 




PIpcLoigUi 






Pipe Length 






Im 


2ni 


3in 


4m 


Im 


2m 


3in 


4ni 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


1° 


20 


35 


50 


70 


60 


120 


180 


240 


20 


35 


70 


100 


135 


30 


60 


90 


120 


30 


50 


100 


150 


200 


20 


40 


60 


80 


40 


70 


135 


200 


270 


15 


30 


45 


60 


5" 


85 


170 


250 


335 


12 


24 


36 


48 
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Fig. 23 Line Diagram Showing Change Over from Cast Iron to 
Asbestos Cement Pressure Pipe 



7.5 Thrust Blocks 



7.5.1 Thrust blocks are required to transfer the re- 
sulting hydraulic thrust from the fitting or pipe on to 
a larger load bearing soil section. 

7.5.2 Thrust blocks shall be installed wherever there 
is a change in the direction of the pipe-line, size of 



the pipe-line on the pressure-line diagram, or when 
the pipe-line ends at a dead end. If necessary, 
thrust blocks may be constructed at valves also. 

7.5.3 Thrust blocks shall be constructed taking into 
account the pipe size, water pressure, type of fitting, 
gravity component of shell when laid on slopes and 
the type of soil. The location of thrust blocks for 
various types of fittings is given in Fig. 24. 
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Fig. 24 Location of Thrust Blocks 
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7.5.4 When a fitting is used to make a vertical bend, 
it shall be anchored to a concrete thrust block de- 
signed to have enough weight to resist the upward and 
outward thrust. Similarly at joints, deflected in ver- 
tical plane, it shall be ensured that the weight of the 
pipe, the water in the pipe and the weight of the soil 
over the pipe provide resistance to upward move- 
ment. If it is not enough, ballast or concrete shall be 
placed around the pipe in sufficient weight to counter- 
act the thrust. 

7.5.5 When the line is under pressure there is an out- 
ward thrust at each coupling. Good soil, properly 
tamped is usually sufficient to hold pipe from side 
movement. However, if soft soil conditions are en- 
countered, it may be necessary to provide side thrust 
blocks or other means of anchoring. In such cases 
only the pipe on each side of the deflected coupling 
shall be anchored without restricting the coupling. 

7.5.6 Pipes on slopes need to be anchored only when 
there is a possibility of the backfill around the pipe 
sloping down the hill and carrying the pipe with it. 
Generally for slopes up to 30° good well drained soil, 
carefully tamped in layers of 100 mm under and over 
the pipe, right up to the top of the trench will not 
require anchoring. For steeper slopes, one out of 
every three pipes shall be held by straps fastened to 
vertical supports anchored in concrete. 

7.6 Special Cast Iron Fittings and Accessories 

7.6.1 Normally when pipe-line is laid, a certain num- 
ber of cast iron fitting such as tees, bends, reducers, 
etc, and special fittings such as air or sluice valves 
are required. 

7.6.2 Laying of Fittings 

All cast iron fittings shall be plain ended to suit the 
outside diameter of asbestos cement pressure pipes 
and to the class and diameter of pipe manufactured. 
When using such cast iron fittings, they are jointed 
by cast iron detachable joints only. For any cast iron 
specials having flanges, they are jointed in the pipe- 
line with cast iron flange adaptors having one end 
flanged and the other plain ended. 

7.6.3 Anchorages 

It should particularly be noted that the cast iron 
joints do not hold pipe ends within it firmly. Ehiring 
working at test pressure, there will be the tendency 
for the pipe ends or special ends to slip out of the 
joint, more so with the case of blank end cap used 
for closure of pipe-line and all degree bends and tees. 
In order to keep them firmly in the pipe-line, anchor- 



ing of these specials are necessary against the direc- 
tion of thrust. 

7.6.3.1 The anchorage shall consist of either concrete 
cast-in-f -tu or masonry built in cement mortar. The 
anchors shall be extended to the firm soil of the trench 
side. Thk sh' )e of the anchors will depend on the kind 
of special. >sed. They shall be spread full width of 
trench and carried vertically by the side and over the 
special to about 15 cm. The bearing area on sides of 
the trench will be proportional to the thrust and to 
the bearing capacity of the sides of the trench. 

7.7 Service Connections 

7.7.1 When the pipe is used in distribution house 
service, connections shall be provided through a saddle 
piece. 

7.7.1.1 The saddle piece consists of two straps which 
envelopes the portion of pipe from where connection 
is to be given. The hole of required size shall be 
drilled through the pip^ and the boss provided in the 
top strap. Fermle piece shall be connected after making 
threads in the boss and pipe. Suitable rubber packing 
shall be used between the straps and the pipe to 
provide cushioning as well as sealing against leak- 
ages {see Fig. 25). 

7.7.2 The size of the hole drilled in the pipe shall 
be limited to those given in Table 7. 

Table 7 Size of Hole Drilled in Pipe 

(Clause 1.12) 



Pipe Stee 


Nfaxtmom Size of DriUed Hole 


mm 


mm 


(1) 


(2) 


80 and 100 


20 


125 and 150 


25 


200 


35 


250 and above 


50 



8 LAYINGS AND JOINTING OF 
POLYETHYLENE PIPES 

8.1 Laying 

8.1.1 While installing the pipes in trenches, the bed 
of the trench should be level and free from sharp 
edged stones. While laying in rocky areas suitable 
bed of sand or pebbles should be provided. The 
initial back fill to about 10 to 15 cm above the pipe 
should be fines and/or screened excavated material. 
Where hard rock is met with, bed concrete MIO, 15 
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Rg. 25 Details Showing Method of Taking Service CoNNEcnca^s f»c»! 
THE Asbestos Cement Pressure Pipe 



cm thick may be provided, before putting in the soft 
sand/gravel. 

8.1.2 Piovisions shall be made for the effect of ther- 
mal movements between the anchors/supports. 

8.1.3 Plastic pipes in genexal need not be painted. 
Painting may disguise its character. Hazard might 
occur by mistaking this pipe for metal one in using 
it for load beaming support, or for electrical 
grounding. 

8.1.4 Plastic pipes shall not be installed near hot 
water pipes or near any other heat sources. 

8.1.5 Plastic pipe clamps may be used to support the 
pipe. Pipe clips may also be used but care shall be 
taken not to over tighten and cause the clips to 
bite into the pipe. Pipe clips should be correctly 
aligned and should provide a smooth flat surface for 
contact with pipe. Sharp edged supports should be 
avoided. All types of manual controls, and valves in 
particular should be anchored firmly so as to mini- 
mize the turning movement imparted to the pipe by 
operation of the hand wheel (see Fig. 26). 

8.1.6 Support Spacing 

Supports for horizontal run, such as pipe clamps, 
brackets should be used at approximately the spacing 
given in Fig. 27. 



8.1.7 Ejfect of Temperature 

The coefficient of expansion is about twenty times 
(for low densitv polyethylene pipes) and fourteen 
times (for high density polyethylene pipes) than the 
expansion experienced with metal pipes. This also 
holds good for contraction due to Call in tempera- 
ture. 

In many instances the normal changes in the direction 
of the pipe provide an adequate means of accommo- 
dating expansion. 

In continuous straight mns of pipe it is necessary 
except where pipes are laid underground to insert 
units to absorb the expansion. Expansion loops, bellows 
or sliding gland expansion joints may be used. 

Care should be taken to account for the high increase 
in surface temperatures of these pipes in cases of 
exposed laying or laying in the close proximity of 
artificial heat sources. 

8.2 Jointing Techniques 

8.2.1 The commonly used joints ate as follows: 

a) Insert type joints, 

b) Compression fittings, 

c) Fusion welding. 
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Fig. 26 Valve Chamber Detail 
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The values from graph are to be multiplied by : 

1.0 for HOPE pipe rated pressure 0.4 MPa (4 kgf/cm^ (Class II), 

1.1 for HDPE pipe rated pressure 0.6 MPa (6 kgf/cm^ (Class III), and 
1.25 for HDPE pipe rated pressure 1.0 MPa (10 kgf/cm^ (Class FV). 

Fig. 27 Distance Between Pipe Supports for HDPE Pipe for 
Transportation of Water/Waste Water 



d) Threaded joints, 

e) Flanged joints, and 

f) Telescopic joints. 

8.2.1.1 There are insert type of fitting of both plastic 
and metats available for use with PE pipes. In corro- 



sive locations plastic fittings are preferred because 
of their high resistance to corrosion. In less corro- 
sive conditions gun metal Httings are frequently 
used and in normal or slightly corrosive environ- 
ments, brass fittings are commonly employed. In cer- 
tain cases, threaded malleable cast iron fittings are 
used. 
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8.2.2 Insert Type Joints {see Fig. 28) 

8*2.2.1 These are commonly used foi LDPE pipes 
wherein a serrated PE or metallic fitting is inserted 
into the pipe and tightened by a clip. 

8.2.2.2 The outer serrations of HDPE/metal insert 
type fittings lock into the PE pipes to prevent their 
coming out under sudden pressure surge. If the pipe 
bore is slightly undersized, a little heating by immer- 
sion in boiling water in case of LDPE and oil bath 
(130°C) in case of HOPE would soften the pipe to 
enable insertion of fitting. If the bore of the pipe is 
loose, the bore clip of worm drive type will secure 
the fitting and ensure a leak proof joint. The insertion 
of these fittings into the bore of the pipe is done with 
hand pressure only. As a measure of safety, worm 



Z 



T 



h + 25mm 



drive type clip should be used in all cases. This type of 
jointing is used normally in small diameter pipes up to 
110 mm. 

8.2.3 Compression Fittings 

8.2.3.1 They arc used for LDPE and HDPE joints. 
They are detachable joints and are made of fhetals or 
plastics. 

8.2.3.2 In the majority of cases the metal fittings are 
based on the type of compression fittings com- 
monly used with copper tubes. In this type of joint 
the dimensions of the pipe are generally not al- 
tered. The joint is effected by an internal liner and a 
compression ring or sleeve which shrinks and 
therefore compresses the pipe wall on to the liner, 



28 A HEATING IN OIL BATH 



28 B FLARING ON THE CONE 




28 C INSERTING FLARED PIPE ON THE SERRATED FITTING 



28 D COMPLETED JOINT 



D* — Pipe OD suiting to standard steel pipe. 
Fig. 28 Typical Illustration of Making Insert Type Joints for HDPE Pipes 
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thus gripping to the wall of the pipe. The liner and 
compression sleeve imiy also be an integral unit {see 
Fig. 29). 

8.2.3.3 In other cases the flared pipe wall is com- 
pressed on a conical insert either by two male and 
female threaded metallic nuts {see Fig, BOA) or by 
backing loose flanges {see Fig. 30 B). The water seal is 
made by compression of ends of PE flared pipe be- 
tween sloping surface of metallic nuts/flanges and 
conical inserts. 



%.13A Compression joints with collar pipe ends and 
flat gaskets 

Aluminiumalloyorbrassfittingswithmaleand female 
coupling parts are available for jointing with metallic 
fittings. The male and female ends of the coupling are 
inserted face to face on two ends of the pipes to be 
jointed. Collars are made on the pipe ends by heating 
the ends with hot plate or electric coil. The two collars 
axe brought together and the female end of the cou- 
pling is tightened on the male end. A water tight seal is 
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Fig. 29 Compression Fitiing (Type 1) 
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Rg. 30 Compression Fititng (Type 2) 
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made between the flanges. This is a detachable type of 
jointing and is practicable up to 50 mm dia pipes (see 
Fig. 31). 

8.2.4 Fusion Welding 

8.2.4.1 Fusion welding is conmionly used in HOPE 
and is a permanent type of joint. 

8.2.4.2 Procedure of butt welding of HDPE pipes 

The pipe should be cut square and the face of the 
pipe should be slightly scraped prior to welding to 
remove oxidized layer. At the time of welding, lev- 
elling of the pipes is essential particularly in case of 
larger diameter pipes. Welding temperature should 
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be 2(XPC and surface of heating mirror should be 210° 
± 5^C [heating mirror is a metallic plate heated up to 
the required temperature either by electrical coil 
embedded inside or by blow torch. The word mirror 
has come because this hot plate radiates heat {see 
Fig. 32)]. *The pipes to be welded should be held on 
either side of the heating mirror with only contact 
pressure of about 20 kPa (0.2 kgl&'cm^).' When the rim 
of molten material is found, the pipes are removed 
from the heating mirror and immediately the joint is 
made by application of moderate pressure of ap- 
proximately 0.1 to 0.2 MPa ( 1 to 2 kgf/cm^) for 2 to 
3 seconds. The initial heating time for achieving 
molten rim, varies from 1 to 5 min depending upon the 
pipe wall thickness and size. 




Fig. 31 Compression Joint with Collar/Pipes Ends and Flat Gasket 
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Following precautions should be taken while applying 
this procedure: 

a) It is essential to see that the rim formed is not 
excessive. 

b) While jointings the pressure should be main- 
tained until the joint is luke-warmand after the 
pressure is relieved, the joint is allowed to cool 
completely. 

c) The mirror should be kept exactly around 
210°C which needs about 30 min time (for 
electrical mirror). It is also essential to see that 
the temperature is maintained constant by the 
proper setting of regulator. For detecting the 
correct temperature, crayon chalk is used. For 
example at 210^C the colour of crayon dot on 
the mirror changes within 2 seconds. But the 
dot made should be thin and if not, time taken 
will be more, indicating a wrong temperature. 

A satisfactory butt welded joint of HDPE will have 
the strength factor of one. Temperature is of primary 
importance and weld efHciency may decrese if the 
temperature does not fall with in the range of 200 ± 
IGPC. 

8.2.5 Screwed Joints (Threaded Joints) 

8.2.5.1 These can be used for LDPE and HDPE pipes 
with higher pressure ratings which have thicker walls. 
It should be noted that such threading reduces the 
factor of safety and hence working pressure in the 
lower classes will have to be assumed for design 
purposes. Ordinary metal cutting dyes of adjustable 
and guided variety may be used. As far as possible, a 
full thread should be cut in one operation. It is advis- 
able to plug the end of the pipe during threading 
operation to avoid distortion due to flexibility. When 
threading the pipe, taper threads should be used and 
only the exact number of threads required for the 



joint should be cut so that when the joint is made, all 
the threaded portion of the pipe is totally enclosed in 
the fitting. 

8.2.5.2 Galvanized iron fittings are suitable where 
there is no risk of corrosion. In corrosive conditions, 
PEor other corrosion-resistant material fittings should 
be used. 

8.2.5.3 Under no circumstances should steel pipe 
wrenches be used on a plastic pipe or fitting. 

8.2.6 Flanged Joints 

8.2.6.1 These are used for jointing LDPE and HDPE 
pipes particularly of larger size to valves and vessels 
and large size metal pipes where strength in tension is 
required. 

8.2.6.2 It consists of flanges either loose or welded to 
the pipe ends. It is recommended that suitable metal- 
lic backing plates be used to support the polyethyl- 
ene flanges to enable them to be bolted together. 
Injection moulded polyethylene flanges with metal 
inserts of 6 to 9 mm thickness may also be used. In 
most cases, sealing is improved by incorporating a 
natural or synthetic rubber gasket between polyethyl- 
ene flanges {see Fig. 33). 

8.2.7 Telescopic Joint (see Fig. 34^ 

8.2.7.1 Any joint (socket and spigot type) that per- 
mits sliding of the free end (spigot end) inside the 
socket with a rubber or suitable gasket, without any 
leakage is called telescopic joint. 

8.2.7.2 The socket could be an integral part of the 
pipe at one end or two ends or a special coupler into 
which the free ends (spigot ends) of the pipes are 
pushed to achieve a water tight joint. 
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Fig. 34 TteLEscowc Joint 



8.2.7.3 These joints aie normaUy weak in longitudi- 
nal pull and hence need anchoring whex^ver such a 
tendency of longitudinal pull is likely in th^ pipe-line. 
In the case of telescopic joints, one external anchor- 
age is generally necessary at each end of the pipe- 
line, at valve and at all changes of direction. The 
supports of the side connection should ensure that 
excessive lateral bending does not occur. In small 
diameter the coupler itself could be modified to have 
a split, threaded, grip type gasket of hard materials in 
addition to 'O' rii^ type of rubber gasket (for water 
tightness) to prevent any slipping out of the free end of 
thej>ipe in longitudiiuil pull. 

8.3 Bending 

8J.1 Cold Bending 

Small diameter P£ pipes have dt degree of flexibility 
such that a substantia) radius may be set up within a 
length of pipe itself without heating, and without caus- 
ing residual stress. 

8.3.1.1 This enables gradual curves to be negotiated 
without the need for special bends or flexible cou- 
plings. In low density PE pipes an inside radius of not 
less than 12 times the outside diameter of the pipe 
is permissible. In case of high density PE pipes the 
radius of the bend shall be greater than 20 times 
the outside diameter of the pipe. Cold bends should 
only be used on pipes operating at ambient tem- 
peratures. 

8.3.2 Hot Bending 

8.3.2.1 Forming of small radius bend may easily be 
done by the application of heat cither by hot air 
oven or by immersion in a suitable liquid at an ap- 
propriate temperature. For low density, the tempera- 
ture range is 100° to 110°C and suitable liquids are 
water, glycerol or a solution of calcium chloride. 
Higher density PE pipe should be heated in an inert 
liquid, such as glycerol (or any oil in emergency) at 
a teiiq>erature of 130°C. Electrical heating coils or 
plates may be used only by experienced technicians. 



8.3.2.2 In preheating operations, the low thermal 
conductivity of PE should be kept in mind. Over 
heating can usually be recognized by surface 
discolouration and distortion. On the other hand 
bending operations should not be performed at too low 
a temperature, because of excessive stress that could 
result. Naked flames for heating should be used only 
by experienced operators. 

8.3.2.3 At bending temperature, the bore of the 
pipe tends to collapse and therefore requires sup- 
port during the bending operation. Internal support 
should be effected before heating by packing the 
bore of pipe with warm fine dry sand or by inserting 
rubber pressure hose, rubber rod, or a flexible 
spring. After the pipe is uniformly heated, it should be 
pulled around a simple jig and held in the correct 
position until it cools off. 

8.3.2.4 It is recommended that radius of the bend 
for pipes up to 50 mm size should not be less than 
three times the outside diameter of the pipe for low 
density PE and five times the outside diameter for high 
density P£. Pipes of large diameter will require an 
increase in radius. 

9 LAYING AND JOINTING OF PVC PIPES 

9.0 Laying of PVC Pipes 

9.1.1 Procedure given in 2 is to be followed for 
preparing site and trenches. 

9.1.2 Where ovality of the pipes occur, it should be 
rectified before laying in position. 

9.1.3 While installing the pipes in trenches the 
pipes should be bedded in sand free from rock and 
gravel. 

9.1.4. Provision shall be made for the effects of ther- 
mal movement. Between the anchors for suspended 
pipes the supports should not grip or distort the pipe, 
but should allow the repeated longitudinal tempera- 
ture movement to take place without abrasion. Line 
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or point contact with the pipe should be avoided. 
Heavy components, such as metal valves should be in- 
dividually supported. 

9.1.5 In the case of telescopic joints one external an- 
chorage is generally necessary at each end of the 
pipe-line, at valve and at all changes of direction. The 
supports of the side connection or bend should 
ensure that excessive lateral bending does not occur. 

9.1.6 Plastic pipes in general need not be painted. 
Painting may disguise its character. Hazard might 
occur by mistaking this for metal one in using it for 
load bearing support, or for electrical grounding. 
Also use of certain paints can cause damage to PVC 
pipe, 

9.1.7 Plastic pipes shall not be installed near hot 
water pipes or near any other heat sources. 

9.2 Jointing Teciiniques for PVC Pipes 

9.2.1 Unplasticized PVC pipe is made by continuous 
extrusion process and is generally available as rigid 
(hard) in factory cut lengths. 

9.2.1.1 Satisfactory jointing plays an important role 
in successful application of these pipes. The com- 
monly used joints are as follows: 

a) Solvent welded joints, 

b) Flanged joints, 

c) Screwed or threaded joints, and 

d) Rubber ring joints. 

9.2.2 Solvent Welded Joints 

9.2.2.1 These are pemuinent in nature and strong in 
tenstion. They are used for service pipes of water 



mains. These joints arc conmionly used and eco- 
nomical for PVC pipe works. 

9.2.2.2 This technique is used with both spigot and 
socket type joints, in which the socket is made 
specially to form a close fit on the pipe end and with 
injection moulded fittings. 

9.2.2.3 Solvent cement consists essentially of a solu- 
tion of vinyl polymer or copolymer dissolved in a 
suitable volatile mixture or organic solvents. The sol- 
vent constituents soften the mating surfaces, which 
diffuse into one another to form a 'cold weld". Such 
chemicals are available with chemical resistance 
equal to that of the pipe. For solvent cements avail- 
able in India, it is reconmiendcd by manufacturers 
that full load could be given only after 24 hours. 
Further guidance may be obtained from the respec- 
tive manufacturers. 

9.2.2.4 The solvent welded joint may be achieved 
either by heat application method or by non heat 
application method. The non heat application 

method is easier and is recommended for water 
supply installations. A typical illustration of solvent 
welded joint is shown in Fig. 35. The details of the two 
methods are as given below: 

(i) Non heat application method 

a) Inthis method, instead of forming a socket 
on one of the pipe ends by heat applica- 
tion, an injection moulded socket fitting or 
coupler is used. This socket fitting has a 
provision to tal^e in the pipe normally on 
either ends. Thex^olvent cements are ap- 
plied on the surfaces to be jointed and the 
joint is made at the ambient temperature. 
The fabricated fittings are inferior to the 
injection moulded ones, and wherever 
possible oidy injection moulded fittings 
should be used. 
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b) The pipe should be cut peipendicular to 
the axis of the pipe length with a metal 
cutting saw or an ordinary hand-saw with 
a small teeth. Pipe ends have to be bev- 
elled slightly with a bevelling tool (reamer) 

at an angle ofabout 30^. The total length 
of insertion of socket shall be marked on 
pipe and checked how far the pipe end 
could be inserted into the fitting. Usually 
the pipe end should go into the fitting 
socket (with a taper inside) up to 
^ to I of the socket length. * 

c) Dust, oil, water, grease, etc, should be 
wiped out with dry cbth from the surfaces 
to be coated with solvent cements. After 
that the surface should be degreased thor- 
oughly with a suitable solvent, such as 
methylene chloride. The coating of sol- 
vent cements shall be applied evenly on 
the inside of the fitting for full length of 
insertion and then on the outside of the 
pipe end up to the marked line. For hot and 
dry climate thicker coatings should be 
applied. The pipe should be pushed into 
the fitting socket and held for 1 to 2 min- 
utes as otherwise the pipe may come out of 
the fitting due to the slippery quality of 
cement and the tapering inside bore of the 
fitting. The surplus cement on the pipe 
surfaces shall be wiped out. 

d) In most of the cases, the pipe inserted 
should be up to the marked line and in no 
case shall be less than 2/3 of the length of 
the pipe end up to marked line. When 
solvent welding the pipes, the spigot end 
should always be fully inserted into the 
socket. If this cannot be done, either the 
solvent cement has dried up too much or 
the tapering of the socket is too steep. 

e) In hot climates with a larger temperature 
difference between day and night it is 
advised to make the joints early in the 
morning or in the evening when it is cooler. 
Thus the joints ate prevented from being 
pulled apart affiiin when the pipe cools off 
atnight. Aftermakingthe joints, the trench 
with the pipe should be covered with the 
soil as soon as possible to ensure an even 
temperature for the system. 

(ii) Heat application method 

a) This method of jointing makes use of 
spigot and socket shapes of the pipes. The 
female end is bevelled on the bore. The 
other pipe end (male end) to be inserted is 



bevelled at an angle of 20° to 30° on the 
outer periphery. The tool used for bev- 
elling may be a reamer or a blade or a pen 
knife. One of the pipe ends (female end) is 
expanded by heating a length of 1.5 times 
the diameter of the pipe to a temperature of 
13CPC by blow torch, salt saturated bath or 
any other suitable medium maintained at 
that temperature. The male end is inserted 
inside the softened female pipe end. A 
plug gauge may be used to prevent distor- 
tion. The heat application may be in one or 
two-step methods described in (b) and (c). 

b) In the one step method, a little before 
heating is complete, a thin coat of slow 
drying solvent cement is applied evenly on 
the inside surface of female end of pipe 
and the outside surface of the male end of 
pipe for a length of about 1,5 time the 
diameter. After the insertion is complete, 
the joint is cooled with water or a wet 
cloth. 

c) In the two-step method, the initial inser- 
tion as described under non-heat appli- 
cation method above, is done without sol- 
vent cement application. After cooling, 
the pipes are separated, roughened with 
sand paper and cleaned with a suitable 
solvent such as methylene chloride. The 
pipe ends are coated with solvent cement 
and pushed into the socket firmly. 

d) Precautions : 

1) Where blow torch is used, care should 
be taken not to overheat the pipe as it 
would damage and weaken the pipe. 

2) Before applying the solvent cement, 
wiping out of dust, oil, grease and 
moisture is very essential. 

3) When the joint is made, the remaining 
cement on the pipe surface should be 
wiped off inunediately without fail, as 
the continued action of solvent cement 
will weaken the wall of the pipe and 
cause failue under pressure. 

4) Since solvent cements are inflammable,' 
they should not be used near naked 
flames. In certain cases, flames given 
off from cement may be a source of 
danager, if the operation is not carried 
out in a. well ventilated area. 

5) When not in uSe containers of cement 
should be kept closed tightly to avoid 
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loss of solvent or entry of dirt. Cement 
which has gelled or hardened should 
be discarded. 

9.2.3 Flanged Joints 

These are used for jointing of PVC pipes particu- 
larly of larger sizes to valves and vessels and larger 
size metal pipes where strength in tension is required. 
The joint is made by the compression of a gasket or a 
ring seal set in the face of the flange. The flange may 
be formed in several ways as under: 

a) By upsetting the pipe end on a mandrel after 
heating the pipe ends. A backing ring of metal 
or thermoset plastic compresses the up set 
pipe end on to the fitting face of the gasket. 
Crinkles are formed too easily in the collar and 
the whole unit loses much of its strength. 

b) By solvent cementing a plastic stub flange on 
to the pipe end and again using a backing 
ring. The pipe end may also be welded to the 
PVC flange. A typical illustration is shown in 
Fig. 36. 



c) By solvent cementing a plastic full faced 
flange on to the pipe end and bolting this to 
be the fitting face. A backing ring or wide 
washers should be used to distribute the boh 
loads. This prevents the distortion of the PVC 
flange. A typicanilustration of the type of 
connection is shown in Fig. 37. 

9.2.4 Union Joint 

This is a form of flanged joint but the faces are 
held together by a screwed connection. A compos- 
ite metal and PVC socket union is a very satisfactory 
method of jointing PVC to screwed metallic fittings. 
A typical illustration of union joint is shown in 
Fig. 38. 

9.2.5 Screwed Joints 

9.2.5.1 These are similar to the joint used with metal 
pipes. If pipe has to be jointed by screw threads, only 
thick walled pipe should be used and cut with taper 
pipe threads. The die should be clean and the thread 
should be made in one pass. The threaded pipes 
shall not be subjected to pressures exceeding two- 
thirds of the pressure rating for unthreaded pipes. 
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9.2.5.2 Short pieces of thick walled pipe may be 
threaded at one end and solvent cemented on to 
nonnal walled pipe at the other end to make the con- 
nector pieces to screwed metal fittings. This system 
may be used up to 50 mm in outside diameter. 

9*2.5.3 Jointing with hemp and paste shall not be 
used. The joint should be made to firm hand tightness 
using only strap trenches. 

9.2.5.4 There is no well defined increase in the 
tightness at assembly as there is with metal to metal 
fittings and these joints can therefore very easily be 
over strained. 

9.2.5.5 Injection moulded threaded joints are used 
for jointing PVC to metal pipes. Cutting of threads 
into PVC pipes is not recommended as these pipes are 
notch sensitive. Unplasticized PVC pipes may be 
moulded and jointed in the same way as the metal 
pipes . But the PVC material is very notch sensitive and 
therefore cutting of screw threads into PVC pipe is not 
recommended. Injection moulded threads are how- 
ever less notch sensitive. 



PVC to metal connection with threaded joints 
should be made with the PVC as the male compo- 
nents of the joint. PVC as the female component may 
be used only when specific arrangements are made 
to prevent over tightening or where both the threads 
are of parallel form and the fluid seal is made by a 
separate ring or gasket. A typical illustration of the 
type of joint is shown in Fig. 39. 

9.2.6 F\xin% Water Tap to PVC Pipes 

While connecting metallic water taps to the PVC pipes 
in domestic plumbing, it is recommended to use a 
metallic coupler to the tap and then connect the 
same to the PVC pipe using injection moulded 
threaded joints. The metallic part alone is supported 
and not the PVC. The unsupported length from the 
face of the wall should not be more than 10 cm for 
satisfactory operation and a strong coupling be 
provided on the face of the wall at the point of 
overhang. For any repairs to the tap, the tap should be 
removed from the metal couplerto avoid working on 
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it insitu. A typical illustration of connection is shown 
in Fig. 40. 

9.2.7 Rubber Ring Joints 

9.2.7.1 Rubber ring joints can provide a water tight 
seal but are not designed to resist pull. In the case 
of these joints, the rubber and the fluid to be trans- 
ported should be compatible. The material of rubber 
rings should conform to IS 5382 : 1985. Where ag- 
gressive soils are met with, synthetic rubbers per- 
form better. Generally speaking, rubber ring joints 
are used for large sized pipes (63 mm and above). 
Such joints may be provided on pipes which are 
buried in the ground and supported throughout on a 
bedding so that they arc not subjected to movement 
and longitudinal pull. 

9.2.7.2 The strength of a rubber ring joint to longitu- 
dinal forces is not high and for same joints a flange 
or a shoulder is made on the pipe end to provide the 
necessary strength in tension. For buried water sup- 
ply mains the installed pipes and joints are supported 
by the continuous bed of the trench and no tensile 
strength in the joint itself is necessary. However, 
care shall be taken to anchor the pipe and fittings at 
bends and at connections to valves. If used above 
ground, they shall be anchored to provide the re- 
quired strength. 

9.2.7.3 Unplasticized PVC pipes may be jointed by 
methods employing a rubber ring to provide the 
water tight seal. The ring may be housed in groove 
formed in a plastic or metallic housing. The rubber is 
commpressed and makes a seal between the pipe and 
the housing. The ring shape and the method of com- 
pressing the ring vary considerably in different 
types of joints. Most joints often require the applica- 
tion of lubricating paste. Where natural rubber rings 
are used, mineral oils or petrol or grease of any type 
should, on no account be used. 



9.2.7.4 The following are some of the types of rubber 
ring joints: 

a) Insertion joints: 

1) With spigot and socket, or 

2) With separate collar pieces having two 
rubber rings, one at either end, 

b) Lip seal joints; 

c) Wedged joints; and 

d) 0-ring shrink joints. 

9.2.7.5 Storage 

Following precaution shall be taken for storage of 
rubber rings, gaskets, etc: 

a) At all times robber rings and gaskets and all 
other fittings shall be stored so as to avoid 
damage of any kind to them or contamination 
by oils, petrol or greases. 

b) All robber items should be stored in a 
cool, dry and dark place. When not in use, 
containers of lubricant should be kept closed 
tightly to avoid entry of dirt. 

9.2.8 Service Connections 

9.2.8.1 Both metal and plastic saddles are available 
for the off take of service connections from larger 
bore pipes (50-mm diameter and above). One type of 
saddle consists of a half round moulded unplasti^ 
cized PVC section which is solvent cemented to the 
pipe surface. The outside of the PVC section has a 
boss on to which the service connection nuiy be 
screwed. Another type consists of two half round sec- 
tions of metal or PVC which are bolted together or held 
round the pipe by wedge grips. A seal is formed 
between the saddle and the pipe by robber O-ring 
compressed between the pipe and the under surface 
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of the upper section. The service connection is taken 
from a boss on the upper section. 

9.2.8.2 Conventional equipment for tapping under 
pressure may be used with these service connections 
using a special trepanning cutter to pierce the pipe 
wall. Some ferrules have self contained cutter for 
this purpose. Ferrules should not be screwed directly 
into unreinforced pipes without the introduction of a 
reinforcing saddle piece. A typical illustration of a 
ferrule connection is shown in Fig. 41. 

9.3 Forming and Bending 

9.3.1 Hot Forming 

9.3.1.1 The thermoplastic nature of the unplasti- 
cized PVC enables the material to be manipulated 
and formed to shape after heating to temperature 
between 125°C to 140°C. On cooling, the material will 
become rigid and will retain its reformed shape. 

9.3.1.2 When in softer state the material will be 
capable of considerable deformation and may be 
formed to the desired shape with ease. Pipe may be 
worked to form bends, off sets or taper sections. 
Increase or reductions of pipe diameters can be 
effected and pipe ends may be belled or flared as 
required using formers of suitable shape. 

9.3.1.3 PVC is a poor conductor of heat and in conse- 
quence of this care shall be exercised when heating 
to allow sufEicient time for the heat to penetrate the 
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thickness of the material. Visual indicatioii of tem- 
perature is difficult but when correctly heated the 
material becomes rubber like to touch. On no ac- 
count attempt be made to form the material in tem- 
perature less than that required (under 9.3.1.1). Heat- 
ing may be carried out in hot air ovens by radiant heat, 
aromatic free oil bath, self saturated bath or by any 
other suitable method. A blow torch may also be used, 
care being taken to avoid local overheating which 
will cause discolouration of the material and subse- 
quent charring of the surfaces. Whichever form of 
heating is used, the article should not be removed 
from the jigs or formers until complete cooling has 
been effected, otherwise a tendency for the material to 
revert to its original shape will occur. 

9.3.1.4 While bending at the forming temperature 
the pipe bores tend to collapse and will therefore 
require support during the forming operation. Inter- 
nal supports should be effected before heating by 
packing the bore of the pipe with warm fine dry sand, 
a rubber pressure hose, or rubber rod of the correct 
diameter or by any other suitable means. 

9.3.1.5 After heating the pipe uniformly it should be 
pulled around a simple wooden jig and held in the 
correct position. It is then cooled externally with air or 
water until it is set. 

9.3. 1 .6 The bending of sma 11 dia meter pipes ma y a Iso 
be done on the horizontal mould plate with the re- 
quired radius clearly marked on it. 
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93.1.7 It is recommended that the centre line radius 
of. the bend for pipes up to 50 mm diameter should 
not be less than three times the nominal diameter of 
the pipe. Pipes of larger diameter will require an 
increase in radius to the order of five times the nominal 
diameter. 

93AA Hot forming at site is not recommended. 

9.4 Support Spacing 

Recommended support spacings for unplasticized 
PVC pipes are given in Table 8. These are based for 
conveyance of cold water. For vertical mns support 
spacing may be increased by 50 percent. 

Table 8 Minimum Supports for 
Unplasticized PVC Pipes 

(Clause 9.4) 

All dimensions in millimetres. 



4(fiC 

(3) 

675 

700 

750 

825 

975 

975 

1000 

1125 

1425 

1650 

1725 

1800 

1875 

1950 

2 025 



Outside 


20°C 


Dla 




(1) 


(2) 


16 


750 


20 


780 


25 


825 


32 


900 


40 


1050 


50 


1125 


63 


1200 


75 


1275 


110 


1500 


125 


1800 


140 


1875 


180 


1950 


200 


2 025 


225 


2 100 


250 


2 175 



9.5 Anchorage 

Suitable anchor blocks should be provided at all 
changes in the direction of the pipe-line and wherever 
else required to withstand thrust resulting from the 
internal water pressure at blank ends. Valves and 
hydrant tees should be supported in such a manner 
that the torque applied in operating a valve is not trans- 
mitted to the pipe-line. 

9.5.1 Concrete Surrounds and Ancorage - When 
pipes are encased in concrete either as a protective 
surround or as an anchorage, membranes, such as felt 

or polyethylene film, should be placed between the 
concrete and the PVC pipe. 

9.5.2 Where differential movement is likely to occur 
at the ends of a concrete surround the adjacent 
pipe-line should comprise one or more short lengths 
of pipe jointed by means of a double socket fitting in- 
corporating rubber ring sealing. 

9.5.3 It should be noted that any side connections into 
the line except at the point of anchorage, will be 
subjected to lateral movement and that their supports 
should be placed at sufficient distance away from the 
branch connection or bend to ensure that excessive 
lateral bending does not occur. 

9.6 Notch Effect 

A rigid PVC pipe is highly sensitive to the presence 
of notch, that is the existence of a very small notch 
affects the impact resistance considerably. This 
largely depends upon the shape of the notch. The 
impact value should be considered only as 1/3 to 1/10 
of the value without notch, when the notches are 
present. The sharp edged 'V notches are dangerous 
but curved 'U' shaped notches are tolerable. There- 
fore, threading in the pipe should be discouraged 
wherever possible. Only injection moulded threaded 
(with curved ends) fittings should be used. 



74 



SP 57 (QAWSM) : 1993 



CHAPTER 6 TESTING AND DISINFECTION 



1 TESTING OF CAST IRON PIPE-UNE 

1.1 Types of Tests 

After a new pipe has been laid, jointed and backfilled 
in accordance with Chapter 5 (or any valved section 
thereof) it shall be subjected to the following two 
.ests: 

a) Pressure test at a pressure as specified in 1.2 
and 

b) Leakage test at a pressure to be specified by 
the authority for a duration of two hours. 

,2 Procedure for Pressure Test 

.2.1 Pressure Test 

fhe field test pressure to be imposed should be not 
less than the greatest of the following: 

a) One and a half times the maximum sustained 
operating pressure, 

b) Qne and a half times of the maximum pipe- 
line static pressure, and 

c) Sum of the maximum static pressure and surge 
pressure subject to the works test pressure. 

Where the field test pressure is less than two thirds 
the works test pressure, the period of test should be 
increased to at least 24 hours. The test pressure shall 
be gradually raised at the rate of nearly 0.1 MPa 
(Ikgl^cm^) per minute. 

If the pressure measurements are not nuide at the 
lowest point of the section, an allowance should be 
made for the static head between the lowest point, and 
the point of measurement to ensure , that the maximum 
pressure is not exceeded at the lowest point. If a drop 
in pressure occurs, the quantity of water added in 
order to re-establish the test pressure should be care- 
fully measured. This should not exceed 0.1 litre per 
mm of pipe dia per km of pipe-line per day for each 30 
metres head of pressure appHed. 

1.2.2 Pressuriiation 



shall be applied by means of a pump connected to the 
pipe in a manner satisfactory to the authority. 

1.2.3 Examination under Pressure 

All exposed pipes, fittings, valves hydrants and joints 
should be carefully examined during the open- 
trench test. When the joints are made with lead, all 
such joints showing visible leaks shall be recaulked 
until tight. When the joints are made with cement and 
show seepage or slight leakage, such joints shall be 
cut out and replaced as directed by the authority. 
Any cracked or defective pipes, fittings, valves or hy- 
drants discovered in consequence of this pressure 
test shall be removed and replaced by sound mate- 
rial and the test shall be repeated until satisfactory to 
the authority. 

1.3 Procedure for Leakage Test 

1.3.1 A leakage test shall be conducted concurrently 
with the pressure test. Leakage is defined as the quan- 
tity of water to be supplied into the newly laid pipe, 
or any valved section thereof within 0.035 MPa (0.35 
kgf/cm^), of the specified leakage test pressure after 
the air in the pipe-line has been expelled and the pipe 
has been filled with water. 

1.3.2 No pipe installation shall be accepted until the 
leakage is less than the number of cm^/h as deter- 
mined by the formula: 



^L = 



ND Jp 



10 



where 
^L = the allowable leakage in cmVh, 

N = number of joints in the length of the pipe- 
line, 
D = diameter in mm, and 

p = the average test pressure during the leakage 
test in MPa. 

1.3.3 Varation from Permissible Leaking 

Where any test of pipe laid indicates leakage greater 
than that specified in 1.3.2 the defective joints shall 
be repaired until the leakage is within the specified 
allowances. 



Each valved section of pipe shall be filled with water 
slowly and the specified test pressure, based on the 
elevation of lowest point of the linear section under 
test and corrected to the elevation of the test gauge. 



1.4 Prerequisite of Test 

14.1 Where any section of a main is provided with 
concrete thrust blocks or anchorages in accordance 
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with 3^ of Chapter 5 the pressure test shall not be 
made until at least five days have elapsed after the 
concrete was cast. If rapid hardening cement has 
been used in these blocks or anchorages, the test 
shall not be made until at least two days have 
elapsed. 

1.4.2 Back-Filling 

Before testing, the trench can be partially back-filled, 
if required by site condition, except at the joints in 
accordance with Chapter 5. Such back-filling shall be 
done after obtaining the permission from the authority 
concerned. 

1.4.3 Time for Testing of Lead Jointed Pipe 

If the requirements of 1.4.1 have been complied with, 
a lead jointed pipe may be subjected to hydrostatic 
pressure, inspected and test for leakage at any conven- 
ient time after the trench has been back-filled in 
accordance with 1.4.2. 

1.4.4 Time for Testing of Cement Jointed Pipe 

After the requirements of 1.4.1 have been complied 
with and the trench back-filled in accordance with 
1.4.2 the main shall be fitted with water in the manner 
specified in 3.9.5.3 of Chapter 5 and 1.2.1 and shall not 
be subjected to hydrostatic pressure; inspected and 
tested for leakage till at least 36 hours have elapsed 
thereafter. The pipe shall remain full of water until all 
tests have been made. 

1.4.5 In case where there are no valves, or valved 
sections are too long, the testing may be permitted to 
be carried out in suitable segments with the permission 
of the authority. 

2 TESTING OF DUCTILE IRON PIPE-LINE 

2.1 After a new pipe-line is laid and jointed, testing 
shall be done for: 

a) mechanical soundness and leak tightness of 
pipes and fittings; 

b) leak tightness of joints; and 

c) soundness of any construction work, in par- 
ticular that of the anchorages. 

2.2 Hydrostatic Testing 

The completed pipe-line may be tested either in one 
length or in sections; the length of section depending 
upon: 

a) availability of sufficient water, v 



b) number of joints to be inspected, and 

c) difference in elevation between one part of 
the pipe-line and another. 

Where the joints are left uncovered until after testing, 
sufficient material should be back-filled over the centre 
of each pipe to prevent movement under the test 
pressure. 

It is prudent to begin testing in comparatively short 
length of test section. Progressively as experience is 
gained, lengths of about 1.5 km or more, are tested in 
one section, subject to consideration of length of 
trench which can be left open in particular circum- 
stances. 

Each section should be properly sealed-off, prefera- 
bly with special stop ends secured by adequate tem- 
porary anchors. The thrust on the stop ends should be 
calculated and the anchors designed to resist it. All 
permanent anchors (see 4.8 of Chapter 5) should be 
in position and, if of concrete, should have developed 
adequate strength before testing begins. The section 
under test should be filled with water, taking care that 
all the air is displaced either through vents at the high 
points or by using a pig or a sphere. 

2.3 The test pressure to be applied should be not less 
than any of the following: 

a) The maximum sustained operating pressure, 

b) The maximum static pressure plus 5 MPa 
(50kgf/cm2),and 

c) The sum of the maximum sustained operating 
pressure (or the maximum static pressure) and 
the maximum calculated surge pressure. 

After filling, the pipe-line should be pressurized to the 
specified operating pressure and left for a period of 
time to achieve stable conditions. 

The length of this period of time depends on many 
factors such as slight movement of the pipe-line under 
pressure whether air is trapped in the pipe-line or 
whether the pipe-line has a concrete Hning which 
absorbs water. 

The pipe-line is then pressurized up to the full test 
pressure and the section under test completely closed 
off. The test pressure should be maintained for a 
period of not less than 10 minutes to reveal any defects 
in the pipes, joints or anchorages. 

The test pressure should be measured at the lowest 
point of the section under test or alternatively, an 
allowance should be made for the static head between 
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the lowest point and the point of measurement, to 
ensure that the required test pressure is not exceeded at 
the lowest point. 

2.4 In case of extreme temperature conditions, there 
may be a tendency of hydraulic pressure building up 
inside the pipe-line because of expansion of water 
during the day time. This should normally not be of any 
major concern as the joints and the pioes are manufac- 
tured to resist a much higher pressure. However, 
sufficient care should be taken to prevent floating or 
bulging of the pipe-line because of building up of such 
high pressure during the temperature rise. 

2.4.1 If the test is not satisfactory, the fault should 
be found and rectified. Where there is difficulty in lo- 
cating a fault, the section under test should be sub- 
divided and each part tested separately. 

Methods employed for finding leaks include: 



a) Visual inspection of each joint, if not covered 
by the backfill; 

b) Use of a bar probe to detect signs of water in 
the vicinity of joints, if back-filled; 

c) Aural inspection using a stethoscope or listen- 
ing stick in contact with the pipeline; 

d) Use of electronic listening device which de- 
tects and amplifies the sound or vibrations due 
to escaping of water, actual contact between 
the probe and the pipe is not essential; 

e) Injection of a dye into the test water-particu- 
larly suitable in water-logged ground; and 

f) Introduction of nitrous oxide in solution into 
the test water and using an infia-red gas con- 
centration indicator to detect the presence of 
any nitrous oxide that has escaped through the 
leak, 

2.5 After all sections have been joined together on 
completion of section testing, a test on the complete 
pipe-line should be carried out. This test should be 
carried out at a pessure not less than the maximum 
sustained operating pressure or the maximum static 
pressure of the pipe-line and, during the test, inspec- 
tion made of all works which have not been subjected 
to section tests. During the test, the pressure at the 
lowest point in the pipe-line should not exceed the 
maximum given in Table 1. 
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Table 1 Maximum Field Hydrostatic Test Pres- 
sure for Ductile Iron Pipe-Lines 
with Flexible Joints 

(Clause 2.5) 



Nonlaal Bore 

mm 


Maxtnura Ftdd HydtvsUtic 
Test Pressure 

MPa(kgf/cm^ 


Up to 300 


4.5 (45) 


350 to 600 


3.0(30) 


700 to 1200 


2.1 (21) 



NOTES 

1 The above pressures are 0.5 MPa (5.0 kgf/cm^ higher than the 
pressure ratings for ductile iron pipes and fittings with flexible 
joints. It is not considered necessary to field test ductile iron pipe- 
lines to VA times the design operating pressure as is often the 
practice with cast iron pipe-lines. 

2 The field test pressures is applied to ductile iron pipe-lines only 
when Uie pipe-line and its fittings are properly anchor^. 

2.6 It is important to ensure that proper arrange- 
ments are made for the disposal of water from the 
pipe-line after completion of hydrostatic testing and 
that all consents which may be required from au- 
thorities have been obtained. In some cases, for ex- 
ample, for heavily chlorinated water, some treatment 
may be necessary before final disposal. 

3 TESTING OF STEEL PIPE-LINE 

3.1 General 

Before putting it into commission, the welded pipe- 
line shall be tested both for its strength and leakage. 

3.2 Procedure for Test 

Each valved section of the pipe shall be slowly filled 
with clean water and all air shall be expelled from the 
pipe-line through hydrants, air valves and blow-offs 
fixed on the pipe-line. Before starting the pressure 
test, the expansion joints should be tightened. 

3,2.1 Pressure Test 

The field test pressure to be imposed should be not 
less than the greatest of the following: 

a) 1^ times the maximum sustained operating 
pressure, 

b) 1 2 times the maximum pipe-line static pres- 
sure, and 

c) Sum of the maximum static pressure and surge 
pressure subject to the test pressure. 
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Where the field test pressure is less than two thirds 
the test pressure, the period of test should be at least 
24 hours. The test pressure shall be gradually raised 
at the rate of nearly 0.1 MPa per minute (1 kgf/cm^ 
per minute). 

If the test pressure measurements are not made at the 
lowest point of the section, an allowance should be 
made for the static head between the lowest point 
and the point of measurement to ensure that the 
maximum pressure is not exceeded at the lowest 
point. If a drop in pressure occurs, the quantity of 
water added in order to re-establish the test pres- 
sure should be carefully measured. This should not 
exceed 0.1 litre per mm of pipe dia per km of pipe- 
line per day for each 30 m head of pressure applied. 

Where the pipe-line is tested in sections, two or more 
welded joints at each gap may not get tested under 
pressure. Special care should be taken in making 
these welds and thesejoints should be kept under ob- 
servation during the commissioning of the system. 

3.2.2 Pressurization 

Each valved section of pipe shall be filled with water 
slowly and the specified test pressure, based on the 
elevation of lowest joint of the linear section under 
test and corrected to the elevation of the test gauge, 
shall be applied by means of a pump connected to 
\ the pipe in a manner satisfactory to the authority. 

3.2.3 Examination Under Pressure 

Under the test pressure no leak or sweating shall 
be visble at all section of pipes, fittingis, valves, hy- 
drants and welded joints. Any defective pipes, fit- 
tings, valves or hydrants discovered inconsequence 
of this pressure test shall be removed and replaced 
by sound material and the test shall be repeated until 
satisfactory to the authority. 

4 TESTING OF CONCRETE PIPE-LINE 

4.1 General 

All pipe-lines should be tested before being brought 
into service. The test should be a hydrostatic test 
performed by filling the pipe-line with water and 
raising the pressure to the selected test pressure and 
maintaining this for a sufficient period to allow for 
absorption of water by the pipe material. A graph of 
quantity of water added to maintain the test pressure 
against time will show when absorption of water is 
substantially completed. In the case of large diameter 
low pressure pipes consideration may be given to 
internal testing of joints only. 



4.2 Site Test Pressure 

The site test pressure to be imposed should have 
already been determined when placing orders for 
pipes and fittings. In general, this pressure should not 
be less than the maximum pipe-line operating pres- 
sure plus the calculated surge pressure allowance, 
but in no case, should it exceed the works hydro- 
static proof test pressure. If pressure measurements 
are not made at the lowest point of the section under 
test, an allowance should be made for the static 
head between the lowest point and the point of 
measurement to ensure that the maximum pressure 
is not exceeded at the lowest point. 

4.3 Test Procedure 

At the commencement of a pipe laying project, it is 
prudent to test comparatively short section in order 
to establish the test procedure and gain experience; 
thereafter, the test may be applied to longer lengths. 

Each section should be properly sealed off, prefera- 
bly with special stop ends secured by adequate an- 
chors. The thrust on the stop ends should be calcu- 
lated on the full socket internal diameter and the 
anchors designed to resist it. It may often be economi- 
cal to provide a concrete anchor block of couple of 
pipes laid and earth tamped around whicH has sub- 
sequently to be demolished rather than risk move- 
ment of the stop ends during testing. Hydraulic jacks 
may be inserted between the temporary anchors and 
stop ends in order to take up any horizontal move- 
ment of the terr^orary anchor. All permanent anchors 
should be in position and, if of concrete, should have 
developed adequate strength before testing begins. 
The section under test should be filled with water, 
taking care that all air is displaced either through 
vents at the high points, or by using a swab. 

After filling, the pipe-Hne should be left under op- 
erating pressure for a period in order to achieve 
conditions as stable as possible for testing. The length 
of this period will depend upon many factors such as 
initial permeability, absorption, movement of the pipe- 
line under pressure and the quantity of air trapped. 
More water should be pumped in from a calibrated 
container until the required test pressure is reached. 
The test pressure should be maintained throughout 
the test by means of continuous pumping, using a 
pressure relief valve. The excess water coming from 
the relief valve from the container should be returned 
to the calibrated container. The rate of loss of water 
from the container should be determined at regular 
intervals; the standard of acceptance should be cleariy 
specified and the test should be continued until this 
is achieved. The generally accepted standard for non- 
absorbent pipe-lines such as steel and iron is 0. 1 litre 
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per millimetre of pipe diameter per kilometre of 
pipe-line per day for each 30 metre head of pressure 
applied. Concrete is an absorbent and permeable 
material, the factors which govern the absorption and 
permeability are very complex and they cannot at the 
present time be subject to accurate analysis. It is 
known, however, the following factors play an important 
part: 

a) The density of the concrete, 

b) The ampunt of surplus (non-combined) water 
present in the concrete at the commencement 
of the test, 

c) The amount and quality of the cement matrix 
(water-cement ratio and cement content of 
mix), 

d) The thickness of the concrete unit under test, 

e) The pressure applied, and 

f) The duration of the test. 

Laboratory permeability tests are usually conducted 
under very low heads (about 0.1 atmosphere) which 
is in the order of 1 percent of the operating pressure 
of many trunk water mains. For low head laboratory 
permeability tests, the permeability coefficient may 
be in the range of 1 x 10'^ to 1 x 10"^° cmVs per cm^ 
(area of concrete under test) per cm (thickness of 
concrete section under test). Air voids in well compacted 
mature concrete may occupy 1 percent of the volume 
of the concrete. As an example of the effect of items 
(a) and (b) only, when concrete has been artificially 
dried and then placed in water without any applied 
pressure, the accepted absorption of good quality 
concrete should not exceed 6.5 per cent by mass of 
the concrete in 24 hours. For concrete pressure pipe, 
900 mm diameter, under a test pressure of 100 m 
head, a figure of 6 percent for artificially dried 
concrete may amount to about 48 000 1/km in 24 
hours. For concrete pipe-lines, the standard of ac- 
ceptability for non-absorbent pipe-lines quoted above 
can be achieved only when absorption is complete. 
In the case of concrete pipes, the attainment of this 
standard may be costly and time consuming process 
with no equivalent advantage obtained in the from of 
a higher standard of completed pipe-line and it may 
be preferable to specify for the rate of loss of water 
from the container a figure more appropriate to the 
absorption characteristics of concrete and thus larger 
than the figure quoted for non-absorbent pipe -lines. 
A value of 3 litres per mm diameter per km per 24 
hours per 30 m head is recommended. 

4.4 Leak Detection 

If the test is not Satisfactory, the fault should be found 
and rectified. Where there is difficulty in locating a 
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fault, the section under test should be subdivided and 
each part tested separately. 

Method employed for finding leakage include: 

a) visual inspection of each joint if not covered 
by the backfill; 

b) use of a bar probe to detect signs of water 
in the vicinity of joints if backfilled; 

c) aural inspection using a stethoscope or listen- 
ing stick in contact with the pipe-line; 

d) use of an electronic listening device which 
detects and amplifies the sound of escaping 
fluid (actual contact between the probe and 
the pipe is not essential); 

e) injection of a dye into test water (paticularly 
suitable in waterlogged ground but subject to 
approval by the appropriate authority); and 

f) introduction of nitrous oxide in solution into 
the test water, using an infra-red gas concen- 
tration indicator to detect the presence of any 
nitrous oxide that has escaped through the 
leakage. 

4.5 Final Testing 

After all sections have been jointed together on com- 
pletion of section testing, a test on the complete pipe- 
line should be carried out. This test should be 
carried out at a pressure not less than the working 
pressure of the pipe-line, care being taken to ensure 
that the pressure at the lowest point in the pipe- 
line does not exceed the maximum. During the test, 
an inspection should be made of all works which 
have not been subjected to sectional tests. 

5 TESTING OF ASBESTOS CEMENT PIPE 
LINES 

5.1 It is recommended to test the portions of the line 
by subjecting to pressure test as in 5.2 as the laying 
progresses before the entire line is checked. In this 
way any error of workmanship will be found imme- 
diately and can be corrected at a minimum cost. 

5.1.1 Usually the length of the section to be tested 
shall not exceed 500 m. 

5.2 The pipes shall be tested as specified in 
IS 5913 : 1970 in the factory and hence the purpose 
of held testing is to check the quality of workmanship 
and also to check whether the pipes have been 
damaged in transit. As such, the test pressure shall 
be kept as 1.5 times the actual operating pressure, 
unless a higher test pressure is specified. However, 
it may be noted that the test pressure during the field 
test shall not exceed ihe values given in Table 2. 
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Table 2 Test Pressure for Asbestos Pipes 

{Clause 5.2) 



Class of Pipe 

(1) 


Maxlaitim Field Test Pressure 

Mpa (kgf/cm^ 
(2) 


5 


0.375 (3.75) 


10 


0.75 (7.50) 


15 


1.125 (11.25) 


20 


1.50 (15.00) 


25 


1.875 (18.75) 



5.3 Prior to testing enough back fill shall be placed 
over the pipe-line to resist upward thrust. All thrust 
blocks forming part of the finished line shall have 
been sufficiently cured and no temporary bracing 
shall be used. 

5.4 The open end ofthe section can be sealed tem- 
porarily with an end cap having an outlet which can 
serve as an air relief vent or for filling the line, as 
may be required. 



5.5 The blind face of the end cap shall be properly 
braced during testing by screw jacks and wooden 
planks or steel plate (see Fig. 1). 

5.6 The section of the line to be tested shall be filled 
with water manually or by a low pressure pump. Air 
shall be vented from all high spots in the pipe-line 
before making the pressure strength test because en- 
trapped air gets compressed and causes difficulty In 
raising the required pressure for the pressure strength 
test. 

5.7 Asbestos cement pipes always absorb a certain 
amount of water. Therefore, after the line is filled, 
it should be allowed to stand for 24 h, before pressure 
testing and the line shall be again filled. 

5.8 The test pressure shall be gradually raised at the 
rate of approximately one 0.1 Mpa/min (1 kgf/cmV 

min). 

5.9 The duration of the test period if not specified 
shall be sufficient to make a careful check on the 
pipe-line section. 




WEDGES 



END CLOSURE FCR PIPES UP TO- 
125 mm NOMINAL DIA 



ONE OR TWO WOODEN 
SLE£PE??S DEPENDING 
JPON DIAMETER OF 
PIPE TO BE TESTED 

WOODEN PACKING 
BLANK END CAP7 



'^sy^^yy. _ 




^AC PIPE * / 

HYDRAULIC OR SCREWy 
JACK TO WITHSTAND 
END THRUS 



35mm THICK 
TIMBER PLANK 



TRENCH AND PIPE 
LAYING TO BE 
CONTINUED 



END CLOSURE FOR PIPES 125 mm AND OVER 
NOMINAL DIA 

Fig. 1 Typical Detail of Shoring at the Pipe End for Toting 
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5.9.1 After the test has been completed, the trench 
shall be filled as described in 2.4 of Chapter 5. 

6 TESTING OF POLYETHYLENE AND 
UPVC PIPE LINES 

6.1 All pipe works, fittings and appliances shall be 
inspected and tested hydraulically after the comple- 
tion of installation. Before starting any test the 
system shall be visually inspected to ensure that the 
recommendations for the correct installation proce- 
dure have been complied with, and that the pipe- 
line together with appliances, valves and fittings are 
laid in the prescribed manner. Solvent welded pipe- 
lines should not be pressure tested until at least 24 
hours after the last solvent welded joint has been 
made. 

6.2 All control valves shall be positioned 'open' for 
the duration of the test and open ends temporarily 
closed with water-tight fittings. The testing pressure 
should not be less than one and a half times the rated 
pressure of the pipe under use. 

6.3 Pressure should be applied either by hand pump 
or power driven pump. Pressure gauges should be 
correctly positioned and closely observed to ensure 
that at no time the test pressures are exceeded. 
The system should be slowly and carefully filled 
with water, to avoid surge pressure of water hammer. 
Air vents should be open at all high points so that 
air may be expelled from the system during fill- 
ing. 

6.4 When the system has been fully charged with 
water and air displaced from the line, air vents should 
be closed and the line initially inspected for seepage 
at joints and the firmness of support under load. 
Pressure then may be applied until the required test 
pressure is reached (see Note). 

NOTE — Thermoplastic pipes expand under pressure to a 
greater extent than pipes of asbestos cement or cast iron. 
This expansion is due to low modulus of elasticity of the 
material and results in initial fall of pressure even though there 
is no leakage for all the four pressure classification of pipes. 
The amount of water required to build up a steady test pressure 
for the plastics pipes is given in Table 3 and Table 4 for poly- 
ethylene and PVC l»pes respectively. The values are only ap- 
proximate to give a guideline as variations occur due to 
temperature fluctuation and variation in test pressure and wall 
thickness. The time taken to build up approximate steady 
pressure is 12 hours. Without any additional requirement of 
make up water, the test pressure should not fall more than 0.02 
MPa (0.2 kgf/cm^ at the end of one hour test duration. This 
extra quantity of water required is normally termed ^ make up 
water. 



Table 3 Make Up Water Required Whik Toting 
Polyethylene Piping 

{Clause 6.4) 



NoiiiiB«I Size 


LitiWlOO m Line 


mm 




(1) 


(2) 


25 


1.1 


32 


1.6 


40 


2.6 


50 


4.0 


65 


5.9 


80 


8.5 


100 


16.4 


125 


26.9 



Table 4 Make Up Water Required Whife Testing 
PVC Piping 

(Clause 6.4) 



Nominal Size 


Utn/lOO m LJne 




mm 


(1) 


(2) 


50 


2.28 


75 


4.55 


100 


6.83 


125 


10.92 


150 


14.56 


180 


18.20 


200 


22.30 



7 FLUSHING AND DISINFECTION OF MAINS 
BEFORE COMMISSIONING 

7.1 The mains intended for potable water supplies 
should be disinfected before commissioning them for 
use. 

7.1.1 Distribution System Chlorirtation of New Mains 

Special care should be taken to ensure disinfection 
of new mains. Among possible sources of contaimi- 
nation are sewer drainage contaminated soil in the 
trench, contamination from workmen or their equip- 
ment or both and unavoidable foreign material pres- 
ent in the trench during construction. 

7.1.2 Education of crew members as to the need for 
avoiding contamination of the main during construc- 
tion is fundamental. Contractors and workmen should 
be thoroughly familiar with all pertinent state and 
local requirements governing installation of mains. 
All sewers water mains and other underground 
conduits should be located prior to construction and 
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relocated, if necessary, to prevent contamination dur- 
ing construction. Pipe should be strung on high 
ground. At all times when consftniction is not actually 
in progress, watertigbt plugs should be installed in 
all pipe openings. Gunny sacks and rag^ are not ade- 
quate. Provision should be made to pump any other 
water that might collect in the trench. Special care 
should be taken to avoid contamination of valves, 
fittings, and pipe interiors, both before and during 
construction each of them should be inspected and, 
if necessary, cleaned before installation. 

7.1.3 After pressure testing the main, it should be 
flushed with water of sufficient velocity to remove 
all dirt and other foreign materials. When this process 
has been completed, disinfection (using liquid chlo- 
rine, or sodiun^calcium hypochlorite) should proceed 
by one of the reconunendcd methods as described in 
7.2 and 7.3. 

7.2 Continuous Feed 

In this method, water from the distribution system or 
other approved source and the chlorine is fed at con- 
stant rate into the new main at a concentration of at 
least 20 mg/1. A pioperiy adjusted hypochlorite solution 
injected into the main with a hypochlorinator, or 
liquid chlorine injected into the main through a sohition- 
feed chlorinator and booster punq> may be used. The 
chlorine residual should be checked at intervals to 
ensure that the proper level is maintained. Chlorine 
application should continue until the entire main is 



filled. All valves, hydrants, etc, along the main should 
be operated to ensure their proper disinfection. The 
water should remain in the main for a minimum of 
24 hours. Following the 24 hours period no less than 
10 mg/1 chlorine residual should remain in the main. 

7.3 Slug Method 

In this method a continuous flow of water is fed with 
a constant dose of chlorine (as in the previous method) 
but with rates proportioned to give a chlorine con- 
centration of at least 300 mg/1. The chlorine is 
applied continuously for a period of time to provide 
a column of chlorinated water that contacts all in- 
terior surfaces of the main for a period of at least 3 
hours. As the slug passes tees, crosses, etc, proper 
valves shall be operated to ensure their disinfection. 
This method is used principally for large diameter 
mains where continuous feed is impractical. 

7.4 Regardless of the method used, it is necessary 
to make certain that backflow of the strong chlo- 
rine solution into the supplying line does not occur. 
Following the prescribed contact period, the chlo- 
rinated water should be flushed to waste until the 
remaining water has a chlorine residual approximat- 
ing that throughout the rest of the system. Bacterio- 
logical tests as prescribed by the authorities should 
be taken, and if the results fail to meet minimum 
standards, the disinfecting procedure should be re- 
peated and the results again tested before placing the 
main in service. 
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CHAPTER 7 MAINTENANCE AND REPAIRS OF PIPE-LINES 



1 Once pipe laying is completed it is necessary to 
pay great attention to its maintenance so as to ensure 
a continuous supply of drinking water of good quality 
in sufficient quantity. 

2 PREVENTIVE MAINTENENCE 

2.1 Preventive maintenence of water distribution 
system pipe-lines assures the twin objectives of pre- 
serving the hygienic quality of water in the distribu- 
tion mains and providing conditions for adequate 
flow through the pipe-lines. The important aspects of 
preventive maintenence of water mains are assess- 
ment, detection and prevention of wastage of water 
from pipe-lines and maintaining the carrying capacity 
of pipe-lines by cleaning of pipe-lines. 

2.2 Waste in water supply mains nuiy be caused due 
to corrosion, fracture, faulty joints, improper ferrule 
connections, etc. Waste in the service pipes and fit- 
tings inside the consumers premises are caused due 
to faulty joints, corrosion, faulty washers on glands 
in valves and taps. 

2.3 A systematic leakage survey and detection, 
followed by prompt corrective action is of importance 
in bringing about a reduction in the wastage. The 
frequency and extent of survey depends on the cost 
and net benefit accruing therefrom. 

2.4 Assessment of Waste 

y2.4.1 In case of 24 hours supply, it is. possible to 
assess total wastage occurring in pipe-line when 
the consumption is at the minimum. Hie difference 
between minimum flow in the system and account- 
able flow at that time divided by average daily flow 
multiplied by 100 gives the percentage of waste in 
that area. 

2.4.2 In intermittent supplies the percentage of wast- 
age is the ratio of flow in the mains (with all stop 
cocks and taps closed) to the average daily consump- 
tion. 

2.4.3 Remedial measures are called for if wastage is 
above 10 percent. 

2.5 Leakage Detection 

Leakage detection survey is confined only to the areas 
with heavy leakages as arrived at by the waste 
assessment survey. This survey consists of: 

a) Finding leaks in the pipes by visual inspec- 
tion of surface, and 



b) Traversing the subzone in the night by sounding 
rod, or stethoscope or electronic leak detector 
for pinpointing leaks in pipes. 

2,6 Instruments Used in Pipe-line Maintenence 

For flow and pressure measurements, location of pipe- 
line and detection of under ground lealcs through 
pipes the following instruments are used and any 
water supply undertaking should possess some of the 
sinq)le and few of the sophisticated instruments. 

2.6.1 Pitometer Assembly 

Used for measurement of single point velocity at the 
centre line of pipe. 

2.6.2 Pressure Gauge (with Recorder) 

Spring type of pressure gauge used to measure 
pressure at various points on the pipe-line. Re- 
corder permits the continuous record of pressures 
with time. 

2.6.3 Integrating Type Water Meter 

Normal integrating turbine type meter measures the 
flow between the two hydrants connected by pressure 
hose serving as bypass before feeding into zone or 
subzone (isolated section of system). Normally 25 
mm to 80 mm diameter are used. 

2.6.4 Mobile Waste Water Flowmeter 

The integrating rate of flow meter that can be 
mounted on a trailer is used for measuring the waste 
flow in a subzone (isolated section of system). The 
rate of flow with reference to time is recorded on a 
down chart. 

2.6.5 Hydrants and Hose Pipe 

These are required for bypassing the feed pipe to 
the zone through the integrating or waste meter. 

2.6.6 Electronic Valve Box Locator 

This is to locate buried metals under ground up to a 
depth of about 0.25 to 0.5 m below the surface. 

2.6.7 Electronic Pipe-line Locator 

By means of electro magnetic induction and wireless 
signals, the existence and exact alignment of under- 
ground metallic pipe-line can be found. 
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2.6.8 Sounding Rod 

It is a 1.2 m long, 12 mm diameter hollow mild steel 
rod or flat pointed at one end and fixed with cup 
shaped brasscap of 50 mm diameter at the other. 
Bamboo canes can also be used. The rod is traversed 
along the centre line of pipe and the noises due to 
water leakage are picked up by human ear thus locating 
the possible leala. 

2.6.9 Electronic Leak Detector 

It consist of a pick up, amplifier head phones. The 
sound vibrations created by water escaping through 
leaks in pipes are picked up and magnified by the 
magnetic pick up and converted to electrical im- 
pulses. These are sensitive and can pin point the 
position of leaks. 

2.7 Corrective Action 

After location of leaks corrective steps in the pipes 
and valves ai^e to be undertaken and flow test to be 
done again to determine the extent and efficiency of 
repairs. If the result is not satisfactory, the entire 
exercise has to be repeated. 

2.8 Cleaning of Pipes 

2.8.1 The water carrying capacity of pipe-line gets 
reduced due to growth of slime or incrustation. Hence 
it is necessary to clean the pipes periodically to 
maintain the ! carrying capacity. Flushing and swabbing 
are simple and common methods adopted in cleaning 
of pipes. 

2.8.2 Flushing 

Water at high velocity is allowed to flow in the pipe 
and finally escape through a scour valve or hy- 
drant. The minimum velocity to be induced varies 
from 90 to 120 cm/s and it is to be ensured that the 
flow is in one direction and the dirty water does not 
enter the cleaned section. Flushing can only remove 
loose deposites of small size and not the slimy 
layers and hard incrustations. Flushing disentangles 
microscopic biological type growth also, which if 
left unattended are likely to grow further and 
create problems. The period of flushing is determined 
by the quantity of out going water in hydrants or 
valves. Usually this amounts to flushing out a vol- 
ume of water equal to twice the capacity of the pipe 
length under consideration. About 100 to 300 m length 
of pipe can be flushed in one operation. 



2.9 Swabbing 

The swab used is made of polyurethene foam of 
cylindrical shape 30 to 60 cm long with varying di- 
ameters. The swab is soft, flexible, highly compress- 
ible and can retain the original shape when released 
from con:^>ression. Two varieties of swabs are avail- 
able. One is soft and other is relatively hard. 

2.9.1 The swab is pushed into the pipe by the mo- 
mentum of the flowing water. As the swab moves it 
sweeps out the loose and slimy layer adhering to the 
inner walls of pipe-line and the deposit are carried 
away by the flowing water. Swabbing is not suitable 
for cleaning of hard deposits in pipe-line. 

2.9.2 Swabs are slightly larger in diameter than the 
pipe to be cleaned. In certain cases with highly 
encrusted pipes, swabs of diameter equal to that of 
pipes to be cleaned are used initially. For pipes of 
diameter 75 to 100 mm, the swab diameter is usually 
25 mm larger while for larger diameter pipes it is 50 
to 75 mm larger in size. 

2.9.3 The length of mains to be cleaned is isolated. 
The swabs dipped in bleaching powder solution is 
inserted into mains through a hydrant or valve body 
and water is allowed into that section keeping the 
exit hydrant or valve open. The movement of 
swab depends on the rate of flow or velocity of flush 
in the pipe which usually should not be less than 
30 cm/s. 

3 GENERAL MAINTENANCE 

3.1 Sufficient stock of spare pipes and specials should 
be maintained for replacement of damaged ones. 

3.2 Regular leak detection survey should be under- 
taken and leaking joints should be repaired and 
broken (burst) pipes should be replaced. 

3.3 A detailed record of break-downs and leaks ob- 
served, and the repairs undertaken should be nuiin- 
tained sectionwise so that more vulnerable length 
could be identified and special measures to repair or 
replace them could be undertaken. 

3.4 A regular schedule of inspection and attendance 
to all valves including air and scour valves should be 
drawn up and it should be followed scrupulously. 
Special attention should be given to air valves. 
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3.5 Special Care for Steel Pipes Laid Above the 
Ground 

3^.1 Pipes sliould be painted periodically to prevent 
conosion. 

3.5.2 Appurtenances such as sluice valves, air 
valves; rollers, expansion joints should be checked 



and cleaned periodically. The cleaning and lubrica- 
tion of rollers should be done twice a year that is 
before and after the monsoon. 

3.5.3 The catch drains provided for the portion of 
water mains laid in cutting should be cleaned before 
onset of monsoon so that no water accumulates in 
cutting portion. 
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CHAPTER 8 PIPE-LINE CORROSION AND INCRUSTATION 



1 Conosion is destnictive attaqk on a metal by chemi- 
cal or electro-chemical reaction by the environment. 
Deterioration by physical causes is not called cono- 
sion but is described as erosion, galling or wear. 
Rusting applies to corrosion of iron or iron base 
alloys with the formation of corrosive products 
consisting largly of hydro ferric oxides. Non-ferrous 
metals, therefore, corrode but do not rust. Various 
types of corrosion that would attack pipe-line are 
given below. 

1.1 General Corrosion 

General corrosion can take two forms, even and un- 
even. The former gives readily predictable design 
life but the latter would tend to produce unexpected 
early failure. 

1.2 Localised Corrosion 

It involves certain areas of the metal surface corrod- 
ing at higher rates than others due to '^heterogeneties^ 
in the metal, the environment or in the geometry of 
the structure. Crevice corrosion, bimetallic corrosion, 
intergranular corrosion, weld decay are all manifes- 
tation of localised corrosion. 

1.3 Crevice Corrosion 

It is related to differential aeration. Narrow crevices 
may be formed during the fabrication or construc- 
tion of a pipes, such as at flanged or threaded joints 
and some welds and also if the metal is in contact 
with nonmetallic solids such as plastics or glass, or 
if there are sand, dust or permeable corrosion prod- 
ucts inside the pipe. The essential features of crevice 
conosion are availability of cathodic areas where a 
reactant, usually dissolved oxygen, can gain ready 
access and a crevice into which diffusion is dificult. 
Porous gaskets on flanged joints allow penetration of 
water and form very effective condition for crevice 
corrosion. Chloride ions also stimulate crevice cor- 
rosion. The mechanism is not simply differential 
aeration, but also the build up of acid in the crevice 
due to migration of anions from bulk solution to 
balance the production of metal ions in the crevice 
after deoxygenation of the crevice solution. 

1.4 Bimetallic Corrosion 

It can occur where two pipes of different metals are 
joined (for example a brass coupling used in a steel 
pipes). Certain metals in combination will generate 
an electro motive force (emf) with one corroding 



preferentially. The greatest problem occurs when the 
corroding metal occupies a small area of surface in 
conjuction with a large cathode area. This situation 
can result in rapid pitting of pipe. 

1.5 Pitting 

Pitting is highly localised attack at specific areas 
resulting in the formation of small pits which may 
eventually lead to perforations. Many of the forms of 
conosion are refened to as pitting but strictly 
speaking pitting refers to conosive attack on passive 
metals and alloys like stainless steel and aluminium 
often in the presence of specific ions, such as chlo- 
ride ions. 

1.6 Underground Corrosion 

Underground corrosion is probably the most diffi- 
cult to access and control effectively. Factors that 
control corrosivity of soil are amount of (a) porosity 
(aeration), (b) electrical conductivity, (c) dissolved 
salts, (d) moisture, and (e) acidity or alkalinity present 
in the soil. 

1.7 Microbiological Corrosion 

It is associated with clayee soils where a particular 
type of bacteria, depolarises the cathodic reaction by 
reducing sulphate ions to sulphide ions utilising small 
amounts of hydrogen liberated at cathode and pro- 
moting rapid corrosion. The sulphide formed is 
probably the major cause of corrosion. 

1.8 Stray Current Corrosion 

It poses a serious problem in areas where there is a 
extraneous electrical current. These electric cunents 
prefer to pass along the lower resistance path pro- 
vided by a continuous metal pipe-line. The point 
where the stray current enters becomes a cathode 
and the point where it leaves an anode and this 
point gets corroded. If the pipe is coated with an 
insulating coating, the problem can be made more 
serious due to rapid perforation of pipe at pinholes 
in the coating. 

2 CORROSION PREVENTION 

The following are the methods used for combating 
corrosion: 

a) Selection of proper material 

b) Chemical methods 
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c) Organic coatings 

d) Catfaodic protection, and 

e) Design. 

2.1 Setection of Material 

After studying the environmental conditions where 
the pipes are to be used, proper pipe material shall 
be selected to suit the conditions. The properties of 
various materials are given in Chapter 2. 

2.2 Chemical Methods 

Soil rich in organic acids can be made less corrosive 
by sunounding the pipe with limestone chips. Chalk 
can be used in soil formation liable to microbiological 
corrosion. Cement lining for iron water pipes behave 
in a fashion which puts them into this category, by 
passivating its surface. Mild steel pipes may also be 
coated with zinc. 

2.3 Organic Coatings 

Organic coatings include paints; coaltar applied as a 
solution, flood coating or wrapping; bitumen applied 
as coaltar; bitumen tape; tape based on polyethylene 
with elastomeric based adhesive. 

The coatings shall be suitable for the eventual envi- 
ronment of the pipes. For example, paint coatings se- 
lected for protection in the open, could fail within 
months underground where greater water resistance 
and resistance to aggressive salts and mechanical 
damage is required. Another important requirement 
of an organic coating is adhesion to the metal it is 
protecting. 
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2.4 Cathodic Protection 

Cathodic protection is usually employed as a second 
line of defence for burned pipe-line. Cathodic pro- 
tection is either by sacrifical anode or impressed 
current using an external d.c. source, the choice de- 
pending on cost and operating conditions, 

2.5 Design 

Design of a pipe-line goes a long way towards pre- 
vention of corrosion. Factors include correct material 
selection, avoidance of irregular profiles, etc. Con- , 
sideration may also be given to the ease of application 
of protection system and of maintenance. 

2.6 For further, more exhaustive study on4he subject 
of corrosion, see IS 8062 (Parts 1 and 2) : 1976 and 
IS 10221 : 1982. 

3 INCRUSTATION 

Deposition of mineral matter on the inner walls of 
pipe-line is called incrustation. This may occur re- 
gardless of pipe material. 

Water quality has much to do with the occurrence ol 
incmstation. The kinds and amount of dissolved minerals 
and gases in natural waters determine their tendency 
to deposit some of the mineral matter as incrustation. 

Incrustation is often a hard, brittle, cement like deposit 
but sometimes it may be soft and pasty. Generally 
precipitation of minerals like carbonates of calcium 
or magnesium causes incrustation. 

Incrustation reduces the water carrying capacity of 
pipe-line. Hence, periodic cleaning of pipes, using 
swabs should be undertaken. 
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ANNEX A 
LIST OF REFERRED AND OTHER RELEVANT INDIAN STANDARDS 



A-1 STEEL PIPES AND FITTINGS 



IS 1239 



Part 1 : 1990 
Part 2 : 1991 



IS 1894 : 1972 

IS 1978 : 1982 
IS 3589 : 1991 

IS 4711 : 1974 

IS 4736 : 1986 

IS 5504 : 1969 
IS 5822 : 1986 

IS 6392 : 1971 
IS 6631 : 1972 
IS 8062 



Part 1 : 1976 
Part 2 : 1976 

IS 10221 : 1982 



IS 11722 : 1986 



Mild steel tubes, tubulars and other 
wrought steel fittings 

Mild steel tubes {fifth revision ) 
Mild steel tubulars and other 
wrought steel pipe fittings ( third 
revision ) 

Method of tensile testing of steel 
tubes ( third revision ) 

Line pipe ( second revision ) 

Seamless and electrically welded 
steel pipes for water, gas and 
sewage (168.3 to 2 032 mm outside 
dia) (first revision ) 

Methods for sampling of steel 
pipes, tubes and fittings ( first 
revision ) 

Hot dip zinc coatings on mild steel 
lubes ( first revision ) 

Spiral welded pipes 

Code of practice for laying of 
welded steel pipes for water supply 
( first revision ) 

Steel pipe flanges 

Steel pipes for hydraulic purposes 

Code of practice for cathodic 
protection of steel structures 

General principle 
Underground pipe-lines 

Code of practice for coating and 
wrapping of underground mild 
steel pipe-lines 

Thin walled flexible quick cou- 
pling pipes 



IS 1537 : 1976 



IS 1538 



A-2 CAST & DUCTILE IRON PIPES AND 
FITTINGS 

IS 1536 : 1989 Centrifugally cast (spun) iron pres- 
sure pipes for water, gas and 
sewage ( second revision ) 



Part 1 : 


1976 


Part 2 : 


1976 


Part 3 : 


1976 


Part 4 : 


1976 


Part 5 : 


1976 


Part 6 : 


1976 


Part 7 : 


1976 


Part 8 : 


1976 


Part 9 : 


1976 


Part 10 


: 1976 


Part 11 


: 1976 


Part 12 


: 1976 


Part 13 


: 1976 


Part 14 


: 1984 


Part 15 


: 1976 


Part 16 


: 1976 


Part 17 


: 1976 


Part 18 


: 1976 


Part 19 


: 1976 


Part 20 


: 1976 


Part 21 


: 1976 


Part 22 


: 1976 


Part 23 


: 1976 


Part 24 


: 1982 



Vertically cast iron pressure pipes 
for water, gas and sewage ( first 
revision ) 

Cast iron fittings for pressure 
pipes for water, gas and sewage 
( second revision ) 

General requirements 

Specific requirements for sockets 

and spigots of pipes 

Specific requirements for sockets 

of fittings 

Specific requirements for flanges 

of pipes and fittings 

Sp)ecific requirements for raised 

flanges 

Specific requirements for standard 

flanges drilling of flanged pipes 

and fittings 

Specific requirements for flanged 

sockets 

Specific requirements for flanged 

spigots 

Specific requirements for collars 

Specific requirements for double 

socket bends 

Specific requirements for tees, all 

sockets 

Specific requirements for double 

socket tee with flanged branch 

Specific requirements for crosses, 

all sockets 

Specific requirements for double 

socket tapers 

Specific requirements for caps 

Specific requirements for plu^ 

Specific requirements for bell 

mouth pieces 

Specific requirements for double 

flanged bends 

Specific requirements for all 

flanged tees 

Specific requirements for all 

flanged crosses 

Specific requirements for double 

flanged tapers 

Specific requirements for split 

puddle or body flanges 

Specific requirements for blank 

flanges 

Specific requirements for all 

flanged radial tees 
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IS 1879 :.1988 
IS 3114 : 1985 
IS 6163 : 1978 

IS 7181 : 1986 

IS 8329 : 1990 

IS 9523 : 1980 
IS 11606 : 1986 
IS 12288 : 1987 



Malleable cast iron pipe fittings 
( second revision ) 

Code of practice for laying of cast 
iron pipes ( first revision ) 

Centrifugally cast (spun) iron low 
pressure pipes for water, gas and 
sewage ( first revision ) 

Horizontally cast iron double 
flanged pipes for water, gas and 
sewage ( first revision ) 

Centrifugally cast (spun) ductile 
iron pressure pipes for water, gas 
and sewage ( first revision ) 

Ductile iron fittings for pressure 
pipes for water, gas and sewage 

Methods of sampling of cast iron 
pipes and fittings 

Code of practice for use and laying 
of ductile iron pipes 



A-3 PLASTICS PIPES AND FITTINGS 

IS 3076 : 1985 Low density polyethylene pipes 
for potable water supplies 
( second revision ) 



IS 4984 : 1987 

IS 4985 : 1988 

IS 7634 

Part 1 : 1975 
Part 2 : 1975 
Part 3 : 1975 

IS 7834 

Part 1 : 1987 



High density polyethylene pipes 
for potable water supplies, 
sewage and industrial effluents 
( third revision ) 

Unplasticized PVC pipes for po- 
table water supplies ( second 
revision ) 

Code of practice for plastics pipe 
work for potable water supplies 

Choice of materials and general 
recommendations 
Laying and jointing polyethylene 
(PE) pipes 

Laying and jointing of unplasti- 
cized PVC pipes 

Specification for injection moulded 
PVC socket fittings with solvent 
cement joints for water supplies 

General requirements ( first 
rex'ision ) 



Part 2 : 


1987 


Part 3 : 


1987 


Part 4 


1987 


Part 5 


1987 


Part 6 


1987 


Part 7 


1987 


Part 8 


1987 



IS 8008 

Part 1 : 1976 
Part 2 : 1976 

Part 3 : 1976 

Part 4 : 1976 

Part 5 : 1976 

Part 6 : 1976 
Part 7 : 1976 

IS 8360 



Part 1 : 1977 
Part 2 : 1977 

Part 3 : 1977 



IS 10124 



Part 1 


1988 


Part 2 


1988 


Part 3 


1988 


Part 4 


1988 


Part 5 


1988 


Part 6 


1988 
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Specific requirements for 45 
degree elbows ( first revision ) 
Specific requirements for 90 
degree elbows ( first revision ) 
Specific requirements for 90 
degree tees ( first revision ) 
Specific requirements for 45 
degree tees ( first revision ) 
Specific requirements for sockets 
( first revision ) 
Specific requirements for unions 
( first revision ) 
Specific requirements for caps 
( first revision ) 

Specification for injection moulded 
HDPE fittings for potable water 
supplies 

General requirements 
Specific requirements for 90 degree 
bends 

Specific requirements for 90 degree 
tees 

Specific requirements for reduc- 
ers 

Sepcific requirements for ferrule 
reducers 

Specific requirements for pipe ends 
Specific requirements for sand- 
wich flanges 

Fabricated high density 
polyethylene (HDPE) fittings for 
potable water supplies 

General requirements 

Specific requirements for 90 degree 

tees 

Specific requirements for 90 degree 

bends 

Specification for fabricated PVC 
fittings for potable water supplies 

General requirements ( first 

revision ) 

Specific requirements for sockets 

( first revision ) 

Specific requirements for straight 

reducers ( first revision ) 

Specific requirements for caps 

( first revision ) 

Specific requirements for equal 

tees ( first revision ) 

Specific requirements for flanged 

tail piece with metallic flanges 

( first revision ) 
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Part 7 : 1988 
Part 8 : 1988 
Part 9 : 1988 
Part 10 : 1988 
Part 11 : 1988 
Part 12 : 1988 
Part 13 : 1988 

IS 12231 : 1987 



Specific lequiiemehts for threaded 
adaptors ( first revision ) 
Specific requirements for 90 
degree bends ( first revision ) 
Specific requirements for 60 
degree bends ( first revision ) 
Specific requirements for 45 
degree bends ( first revision ) 
Specific requirements for 30 
degree bends ( first revision ) 
Specific requirements for 227^ 
degree bends ( first revision ) 
Specific requirements for .IIV4 
degree bends ( first revision ) 

Specification for UPVC (rigid) 
pipes for use in suction and deliveiy 
lines of agricultural pumps 

Methods of test for unplasticized 
PVC pipes for potable water 
supplies 

Method for measurement of 

outside diameter 

Measurement of wall thickness 

Test for opacity 

Determining the deterimental 

effect on the composition of water 

Reversion test 

Stress relief test 

Test for resistance to sulphuric 

acid 

Internal hydrostatic pressure test 

Impact strength test 

Method for determination of 

organotin as tin aqueous solution 

Extractability of cadmium and 

mercury occurring as impurities 

Specification of glass fibre rein- 
forced plastics (GRP) pipes for 
use for water supply and sewer- 
age. 



A-4 CONCRETE PIPES AND FITTINGS 



IS 12235 



Part 1 : 1986 

Part 2 : 1986 
Part 3 : 1986 
Part 4 : 1986 

Part 5 : 1986 
Part 6 : 1986 
Part 7 : 1986 

Part 8 : 1986 
Part 9 : 1986 
Part 10 : 1986 

Part 11 : 1986 



IS 12709 : 1989 



IS 458 : 1988 



IS 783 : 1985 



IS 784 : 1978 



IS 1916 : 1989 



Concrete pipes (with and without 
reinforcement) ( third revision ) 

Code of practice for laying of con- 
crete ^Jipes ( first revision ) 

Prestressed concrete pipes (in- 
cluding fittings) ( first revision ) 
Steel cylinder reinforced concrete 
pipes {first revision ) 



IS 3597 : 1985 Methods of test for concrete pipes 
( first revision ) 

IS 7322 : 1985 Specials for steel cylinder rein- 
forced concrete pipes ( first 
revision ) 

A-5 ASBESTOS CEMENT PIPES AND FTmNGS 



IS 1592 : 1989 
IS 5531 : 1988 

IS 5913 : 1989 
IS 6530 : 1972 
IS 8794 : 1988 

IS 9627 : 1980 
IS 10292 : 1988 

IS 10299 : 1982 



Asbestos cement pressure pipes 
( third revision ) 

Cast iron specials for asbestos 
cement pressure pipes for water, 
gas and sewage (^eco/u/ revision ) 

Methods of test for asbestos cement 
products ( first revision ) 

Code of practice for laying of as- 
bestos cement pressure pipes 

Cast iron detachable joints for use 
with asbestos cement pressure 
pipes ( first revision ) 

Asbestos cement pressure pipes 
(light duty) 

Dimensional requirement for rub- 
ber sealing rings for cast iron 
detachable joints in asbestos 
cement piping ( first revision ) 

Cast iron saddle pieces for serv- 
ice connection for asbestos 
cement pressure pipes 



Guidelines for safe use of prod- 
ucts containing asbestos 



IS 11769 

Part 1 : 1987 Asbestos cement products 



A-6 VALVES AND OTHER ACCESSORIES 

IS 778 : 1984 Copper alloy gate, globe and 
check valves for water works 
purposes ( fourUi revison ) 

IS 780 : 1984 Sluice valves for water-works 
puipose(50to300mmsize)( six^ 
revision ) 

IS 781 : 1984 Cast copper alloy screw down bib 
taps and stop valves for water 
services ( third revision ) 

IS 1703 : 1989 Copper alloy float valves (hori- 
zontal plunger type) for water 
fittings ( third revision ) 
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IS 1711 : 1984 
IS 2685 : 1971 

IS 2692 : 1989 
IS 2906 : 1984 

IS 3004 : 1979 

IS 3042 : 1965 

IS 3950 : 1979 

IS 4038 : 1986 

IS 4346 : 1982 

IS 4854 

Part 1 : 1969 

Part 2 : 1969 

Part 3 : 1984 
IS 5312 

Part 1 : 1984 

Part 2 : 1986 
IS 9338 : 1984 



IS 9739 : 1981 



Self closing taps for water supply 
purposes 

Code of practice for selection, in- 
stallation and maintenance of 
sluice valves ( first revision ) 

Ferrules for water services 
( second revision ) 

Sluice valves for water works 
purposes (350 to 1 200 mm size) 
( third revision ) 

Plug cocks for water supply 
purposes (first revision ) 

Single faced sluice gates (200 to 
1 200 mm size) 

Surface boxes for sluice valves 
( first revision ) 

Foot valves for water works 
purposes ( second revision ) 

Washers for use with fittings for 
water services ( first revision ) 

Glossary of terms for valves and 
their parts 

Screw-down stop, check and gate 
valves and their parts 

Plug valves and cocks and their 
parts 

Butterfly valves 

Swing check type reflux (non- 
return) valves for water works 
purposes 

Single-door pattern ( first 
revison ) 

Multi-door pattern 

Cast iron screw-down stop valves 
and stop and check valves for 
water works purposes ( first 
revision ) 

Specification for pressure reduc- 
ing valves for domestic water 
supply systems 



IS 9763 : 1988 



IS 10805 : 1986 



IS 9762 : 1981 Polyethylene floats for ball valves 
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Plastic bib taps and stop valves 
(rising spindle) for cold water 
services ( first revison ) 

Foot-valves, reflux valves or non- 
return valves and bore valves to 
be used in suction lines of agri- 
cultural pumping systems ( first 
revison ) 



IS 12234 : 1988 Plastic equilibrium float valves 
for cold water services 

IS 13114 : 1991 Forged brass g^te, globe and check 
valves for water works purposes 
— Specification 

A-7 OTHER STANDARDS 

IS 210 : 1978 Grey iron castings ( third 
revision ) 

IS 269 : 1989 Specification for 33 grade ordi- 
nary Portland cement ( fourth 
revision ) 

IS 318 : 1981 Leaded tin bronze ingots and 
castings ( second revision ) 

IS 320 : 1980 High tensile brass rods and 
sections (other than forging stock) 
( second revision ) 

IS 408 : 1981 Specification for grease No. 1, 
graphited ( second revision ) 

IS 455 : 1989 Specification for Portland slag 
cement ( fourth revision ) i 

IS 456 : 1978 Code of practice for plain and 
reinforced concrete ( third 
revision ) 

IS 554 : 1985 Dimensions for pipe threads when 
pressure tight joints are required 
on threads ( third revision ) 

IS 638 : 1979 Specification for sheet rubber 
jointing and rubber insertion 
jointing ( second revision ) 

IS 782 : 1978 Caulk tg lead ( third revision ) 

IS 814 : 1991 Covered electrodes for n*anual arc 
welding of carbon and carbon 
manganese steel ( fourth 

revision ) 
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IS 816 : 1969 Code of practice for use of metal 
arc welding for general con- 
struction in mild steel ( first 
revision ) 



IS 1387 : 1967 



IS 1489 : 1991 



IS 2065 : 1983 



IS 2107 : 1977 



General requirements for the 
supply metallurgical materials 

( first revision ) 

Specification for Portland pozzo- 
lana cement ( third revision ) 

Code of practice for water supply 
in buildings ( second revision ) 

Whiteheart malleable iron cast- 
ings ( first revision ) 



IS 2108 : 1977 Blackheart malleable iron cast- 
ings ( first revision ) 

IS 2405 Specification for industrial sieves: 

(Part 2) : 1980 Part 2 Perforated plates ( first 
revision ) 

IS 2643 Dimensions for pipe threads for 

(Part 1) : 1975 fastening purposes : Part 1 Basic 
profile and dimensions 



IS 2720 

(Part 7): 198p 



IS 2951 
(Part 1) : 1965 



IS 3487 : 1966 



IS 3600 

(Part 1) : 1985 



IS 3658 

(Part 1) : 1981 



IS 4081 : 1986 



IS 4260 : 1986 



Methods of test for soils : Part 7 
Determination of water content 
— dry density relation using light 
compaction ( second revision ) 

Recommendation for estimation 
of flow of liquids in closed con- 
duits : Part 1 Head loss in straight 
pipes due to frictional resistance 

Copper strip and foil for manu- 
facture of copper gaskets and 
copper washers and eyelets 

Methods of testing fusion welded 
joints and weld metal in steel : 
Part 1 Cruciform fillet weld ten- 
sile test 

Code of practice for liquid pene- 
trant flaw detection ( first 
revision ) 

Sefety code for blasting and re- 
lated drilling operations 

Recommended practice for ultra- 
sonic testing of butt welds in 
ferritic steels ( second revision ) 



IS 4736 : 1986 



IS 4737 : 1982 



IS 4759 : 1984 



IS 4853 : 1982 



IS 5330 : 1984 

IS 5382 : 1985 

IS 6837 : 1973 
IS 6843 : 1984 

IS 6881 : 1973 
IS 8041 : 1990 

IS 8043 : 1978 
IS 8112 : 1989 

IS 9845 : 1986 



IS 10221 : 1982 



IS 10446 : 1983 



Hot-dip zinc coatings on mild steel 
tubes ( first revision ) 

Chromite for chemical industries 
( first revision ) 

Hot-dip zinc coatings on struc- 
tural steel and other allied prod- 
ucts ( second revision ) 

Recommended practice for radio- 
graphic inspection of fusion 
welded butt joints in steel pipes 
( first revision ) 

Criteria for design of anchor 
blocks for penstocks with expan- 
sion joints ( first revision ) 

Rubber sealing rings for gas 
mains, water mains and sewage 
( first revision ) 

Three wheel type pipe cutter 

Technical supply conditions for 
pipe cutters ( first revision ) 

Link type pipe cutters 

Specification for rapid harden- 
ing Portland cement ( second 
revision ) 

Hydrophobic Portland cement 
( second revision ) 

Specification for 43 grade ordi- 
nary Portland cement ( first 
revision ) 

Method of analysis for the deter- 
mination of specific and/or over- 
all migration of constituents of 
plastics material and articles 
intended to come into contact with 
foodstuff ( first revision ) 

Code of practice for coating and 
wrapping of underground mild 
steel pipes 

Glossary of temis relating to water 
supply and sanitation 



IS 10883 : 1986 Single wheel type pipe cutters 
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15 11906:1986 Recommendations for cement 
mortar lining for cast-iron, mild 
steel and ductile-iron pipes and 
fittings for transportation of water 

IS 12820 : 1989 Dimensional requirements for 
rubber gaskets for mechanical joints 
and bush joints for use with cast 
iron pipes for water, gas and sewage 
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